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TRANSGENIC PRODUCTION IN SALIVA 

FIFI n OF THE INVENTION 
The invention relates to the production of foreign or modified proteins in 
saliva of transgenics modified animals. In addition, some aspects of the 
invention relate to animals genetically engineered to produce non-natural 
components in saliva. In certain further aspects the invention relates to an.mais 
genetically engineered to produce non-natural components in their saWa to 
modify its composition. 

BACKGROUND 

The hallmark contribution of genetic engineering is technology that, when 
property applied, can be used to elucidate precisely and alter in a controlled way - 
with base by base resolution - the genotype and thereby the phenotyp 1C 
characteristics of living organisms. Two long-recognized applications of genefic 
engineering technology that stem from this contribution and promise great 
humanitarian, scientific and commercial benefits are the creation of improved 
organisms and the creafion of organisms that can be used to produce substances 
other than those for which they are naturally useful. 

As to the first of these goals, genetic engineering has been applied dunng 
the past two decades in a wide range of efforts to create improved organisms for 
food production. To mention just a few, these efforts include endeavors: to 
produce improved strains and varieties of agricultural plants; to produce livestock 
that utilize feed more efficiently; to endow livestock with greater resistance to 
parasites and disease; to create livestock that provides more healthful food; to 
alter livestock so that it is less harmful to the environment; and to produce plants 
and animals that benefit the environment. Regarding the production of transgenic 
farm animals, for instance, see Ebert (1980). Gene transfer through embryo 
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microinjection, pgs 233-250 in ANIMAL BIOTECHNOLOGY: COMPREHENSIVE 
BIOTECHNOLOGY, FIRST SUPPLEMENT, Eds. Babiuk et a/., Pergamon Press 
and, for another review in this regard, also see Ebert and Schindler (1993), 
Transgenic Farm Animals: Progress Report, Theriogenology 39: 121-135. 

Towards the second goal, genetic engineering has been applied to the 
production of a wide variety of substances in plants and animals, most often 
proteins of pharmaceutical interest. These efforts largely have been directed, in 
animals, to the production of xeno-substances in the milk of livestock animals - 
primarily swine, ovine, caprine and bovine animals. Regarding the production of 
pharmaceuticals in milk see, for instance, Ebert and DiTullio (1995), The 
production of human pharmaceuticals in milk of transgenic animals, pgs 36-41 in 
THE NATURAL ENVIRONMENT: Interdisciplinary Views: Proceedings. Among 
efforts to produce substances in this way have been those aimed at the 
production of hormones, antibodies, enzymes, and factors involved in or related to 
hemostasis, to name just a few. These endeavors have met with varying degrees 
of success, as discussed below. Generally, complex polypeptides that undergo 
extensive post-translational modification have been produced successfully only in 
animals, and for the most part attempts to produce commercially valuable 
amounts of these products has been restricted to mammary gland expression and 
to isolation of proteins from milk. 

Although none of these efforts have been entirely successful, several 
efforts to produce proteins transgenicly in milk have met with some success, and a 
number of proteins of pharmaceutical interest have been transgenicly expressed 
in mammary gland cells, and isolated from milk in a biologically active form. For 
an early review in this regard, see in pertinent part, for instance, Ebert and 
Schindler (1993), Transgenic Farm Animals: Progress Report, Theriogenology 
39: 121-135. For instance, tPA has been produced in goat milk (see Ebert et al. 
(1991 ), Transgenic production of a variant of human tissue-type plasminogen 
activator in goat milk I: Generation of transgenic goats and analyses of 
expression, Bio/Technology 9: 835-838). And high levels of active human alpha- 
Page 2 of 105 



WO 03/069984 



PCTYUS03/04807 



1-anti-trypsin have been produced in sheep milk (see Wright et a/. (1991), High 
/ eve l expression of active human alpha-1-anti-trypsin in the milk of transgenic 
sheep, Bio/Technology 9: 830-834). Nevertheless, success has not been general 
and transgenic mammary gland-specific expression has not, as yet, been used to 
produce a pharmaceutical protein that has entered the marketplace. 

Part of the reason for the overall difficulty in bringing these transgenic 
products to market may lie with disadvantages of present methods for transgenic 
production in milk. First, efficiency of transgenic production in mammary glands 
and milk is significantly reduced by gender specificity. Although males can be 
induced to lactate, they cannot be made to produce milk in quantities useful for 
commercial production of transgenic substances. See, for instance, Ebert et al. 
(1994), Induction of human tissue plasminogen activators in the mammary gland 
of transgenic goats, Bio/Technology 12: 699-702, and also Ebert (1988), A 
Moloney MLV somatotropin fusion gene produces biologically active somatotropin 
in a transgenic pig, Mol. Endoc. 2: 277-283. Practically all of the milk for 
commercial production of transgenic products using mammary gland-specific 
expression therefore must come from the females in a transgenic herd. Since, the 
quantities of milk useful to produce transgenic substances commercially therefore 
can be obtained only from the female "half of a herd, milk based transgenic 
production methods are approximately 50% less efficient in utilizing a herd 
population than otherwise similarly efficient technology that is gender-neutral. 
Other aspects of milk-based transgenic production methods may make up for this 
relative disadvantage over other technologies; but, gender neutrality is 
nonetheless desirable, and would be an advantage even to milk based production. 

Second, although lactation can be induced in immature animals of either 
sex, and milk thereby can be obtained in quantities sufficient to assess transgenic 
expression, there is nonetheless a delay from the time transgenic expression is 
proved in an immature animal to the time the animal can produce milk in 
quantities useful for commercial production of transgenic substances. In some 
species, moreover, the volume of milk produced simply is insufficient to support 
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commercial production of proteins, at levels of expression and secretion that can 
be achieved in mammary gland cells. Even in mammals that produce the 
necessary volumes of milk, lactation often must be induced and is cyclically 
variable Both induction and cyclic variability can be disadvantages of milk based 
production compared to methods that rely on processes that occur in a continuous 
manner throughout the life of an animal, without intervention, and without much 
variation. 

in addition, efforts to produce transgenic products in milk have encountered 
a variety of other problems. Deleterious effects of endogenous milk constituents, 
such as proteases, on the desired transgenic product, have been observed. 
Premature shut-down of lactation has occurred in females expressing mammary 
specific transgenic proteins. In this regard see, for example, Ebert and Schindler 
(1993) Transgenic Farm Animals: Progress Report, Theriogenology m 121-135. 
Transgenic mammary gland expression can have deleterious effects on the 
health of an animal, either directly as a result of the presence in the animal of the 
transgenic protein or other substance, or as a consequence of induced hyper- 
lactation necessary to obtain necessary levels of milk production. Finally, while 
mammary gland-specific expression and secretion into milk appears to modify and 
process properly a few proteins, it may not do so for others. Inability of mammary 
gland cells and milk to carry out post-translational processes thus still may prove 
to be an impediment to commercial production, even if other obstacles can be 

avoided or overcome. 

Perhaps because of such difficulties, mammary gland-specific transgenic 
expression of particular proteins in milk has not been as widely used for 
commercial production of transgenic proteins, as might have been expected from 
the reports on research scale expression. Several other systems have been 
considered for transgenic production and efforts have been and are being made to 
use them to produce proteins and, perhaps, other substances. Thus far, each of 
these systems has problems and/or disadvantages that have prevented their use 
for commercial production of transgenic proteins or substances, particularly 
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proteins that are produced initially as inactive pro-enzymes that are subject to 
complex processes of post-translational proteolytic processing and/or 
modification. There have been several reports on expression of exogenous 
genes in salivary glands of transgenic animals, for instance. Baum and co- 
workers reviewed some work in this regard directed to clinica. applications, repa.r 
of hypofunctional gland parenchyma, in particular, and the production of secretory 
transgene products for systemic or upper gastrointestinal tract pharmaceutic., use 
(Baum ef a/ (1999), Critical Reviews in Oral Biology & Medicine 10(3): 276-283. 
The work described by Baum ef a/. (1999) related to gene transfer therapy and, 
apparently, did not aim for commercially advantageous production of proteins or 
other substances, in transgenic saliva. Thus, it is relatively uninformative in th,s 



Reports on work directed more specifically to transgenic salivary gland- 
specific expression have been published by Mikkelsen and co-workers, Larson 
and co-workers, and Mirels and co-workers (citations follow). Mikkelsen and co- 
workers reported expression of a Factor Vlll-derived polypeptide in sal,va of 
genetically engineered mice. See Mikkelsen ef a/. (1992), Nature 20(9): 2249- 
2255 Larson and co-workers also reported salivary gland expression of 
exogenous gene constructs in transgenic mice. See Larson et el. (1994), 
Transgenic Research 3(5): 311-316. Mirels and co-workers charactenzed the 
genes for rat salivary-gland B1-immunoreactive proteins of adult (and neonate.) 
rat sublingual and parotid glands (often referred to as the B1-IPs), that also are 
the major secretory products of rat submandibular gland acinar-cell progenrtors. 
See Mirels ef el. (1998). Biochemical Journal 330 (Part 1 ): 437-444. This work 
was carried out in species that produce very small quantities of saliva, .t ,s not 
informative on saliva-specific expression in other mammals, particularly not ,n 
ruminants that produce saliva in large volumes. Moreover, apparently only very 
small amounts of transgenic protein were detected in the saliva, and the work thus 
is not informative about economically viable and/or commercially advantageous 
transgenic production of polypeptides and/or proteins and/or other substances ,n 
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saliva. Apparently, given the lack of further publications, this work has not been 
pursued, perhaps because of these drawbacks or others. 

In sum, present transgenic technologies for pharmaceutical protein 
production have achieved significant success; but, they have not. as yet, 
supported commercially advantageous and economically viable production of a 
marketed pharmaceutical product. Therefore a need exists for improved 
transgenic animals, methods and technology for commercially advantageous and 
economically viable production of products for the veterinary and human health 
care markets, such as pharmaceutical peptides and/or polypeptides and/or 
proteins, and other substances. Particularly, there is a need for transgenic 
animals, methods and technology for the commercially advantageous and 
economically viable production of pharmaceuticals that undergo complex post- 
translational processing and modification, especially those that cannot be 
obtained in useful form and quantity by presently available methods of production. 



SUMMARY 



In light of the foregoing background, it is therefore among the objects of 
certain aspects and preferred embodiments of the invention herein disclosed to 
provide animals, methods, compositions, devices, technologies, systems and the 
like for the commercially advantageous and/or economically viable production of 
desired substances, particularty polypeptides and/or proteins, in saliva of 
transgenic animate, particularly non-human mammals that produce large volumes 
of saliva. 

In certain preferred aspects of the invention further in this regard, as 
discussed more fully below, it is among the objects of certain highly preferred 
embodiments to provide animals, methods, compositions, devices, technolog.es, 
systems and the like for the commercially advantageous and/or econom.cally 
viable production of certain desired proteins, particularly human blood prote.ns. 
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especially, human antibodies, human albumins, human vWFs, human fibrinogens, 
human prothrombins and/or human thrombins, especially human fibrinogen, 
human prothrombin and/or human thrombin, in the saliva of monogastric ruminant 
transgenic non-human mammals, particularly porcine, ovine, caprine and/or 
bovine mammals, especially bovine non-human mammals. 

In accordance therewith and with other aspects of the invention, it is an 
object of the invention in certain aspects to provide in certain of its preferred 
embodiments animals, methods, compositions, devices, technologies, systems 
and the like for the commercially advantageous and/or economically viable 
production of desired polypeptides and/or proteins in and from the saliva of 
transgenic animals, including single-chain proteins, multi-chain proteins, and 
polypeptides, including relatively short polypeptides also referred to as peptides 
and/or oligopeptides. 

Especially in the foregoing regards, the invention provides in certain further 
aspects and preferred embodiments animals, methods, compositions, devices, 
technologies, systems and the like for the commercially advantageous and/or 
economically viable production of desired polypeptides and/or proteins in and from 
the saliva of transgenic animals, including probioactive and/or bioactive 
polypeptides and/or proteins in single-chain proteins, multi-chain proteins, and 
polypeptides, including relatively short polypeptides also referred to as peptides 
and/or oligopeptides. 

Also especially in this regard, the invention provides in certain further 
aspects and particularly preferred embodiments animals, methods, compositions, 
devices, technologies, systems and the like for the commercially advantageous 
and/or economically viable production of desired probioactive and/or bioactive 
pharmaceutical proteins and/or other pharmaceutical polypeptides in and from the 
saliva of transgenic animals, including probioactive and/or bioactive single-chain 
pharmaceutical proteins, probioactive and/or bioactive multi-chain pharmaceutical 
proteins, and probioactive and/or bioactive pharmaceutical polypeptides, including 
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probioactive and/or bioactive peptides (relatively short polypeptides, also referred 
to as peptides and/or oligopeptides). 

In all these regards, in accordance with further of its objects, the invention 
in certain aspects and further particularly preferred embodiments provides 
animals, methods, compositions, devices, technologies, systems and the tike for 
the commercially advantageous and/or economically viable transgenic production 
of desired probioactive and/or bioactive pharmaceutical proteins and/or other 
pharmaceutical polypeptides in and from the saliva of transgenic animals, 
including probioactive and/or bioactive single-chain pharmaceutical proteins, 
probioactive and/or bioactive multi-chain pharmaceutical proteins, and 
probioactive and/or bioactive pharmaceutical polypeptides, including prob,oact,ve 
and/or bioactive peptides (relatively short polypeptides, also referred to as 
peptides and/or oligopeptides), wherein the aforementioned polypeptides and/or 
proteins are (and/or are selected from the group consisting of) phytases, 
antibodies, growth hormones, and blood proteins including, but not lirmted to. 
serum albumin and proteins of hemostasia, especially in this regard fibrinogen, 
prothrombin, thrombin and von Willebrand Factor fvWF"), very especially in th,s 
regard human serum albumin, human fibrinogen, human prothrombin, human 
thrombin and human vWF. very especially particularly human fibrinogen, human 
prothrombin and/or human thrombin. 

In accordance with the above, in certain further aspects the invention 
provides in further particularly preferred embodiments animals, methods, 
compositions, devices, technologies, systems and the tike for the commercially 
advantageous and/or economically viable transgenic production of des,red 
proteins, polypeptides and/or other substances as described above, where,n the 
transgenic proteins, polypeptides and/or other substances differ from the non- 
transgenic, naturally occurring proteins, polypeptides and/or other substances m 
its structure, particularly in covalent structure and/or in activity, especially covalent 
structure. In one aspect in this regard, in certain particularly preferred 
embodiments the transgenic substances are the polypeptides and/or protems 
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described above (including all of the single-chain proteins, multi-chain protems, 
and/or other polypeptides described above, in both probioactive and bioacfive 
forms, including the particularty riamed groups and species of proteins named 
above, including but not limited to phytases, growth hormones, antibod,es, 
albumins, vWFs, fibrinogens, prothrombins and thrombins, particularly human 
vWF human fibrinogen, human prothrombin and human thrombin, especially 
human fibrinogen and/or human prothrombin and/or human thrombin), and they 
differ from their non-transger.ic naturally occurring form in one or more structures 
and/or one or more structural features and/or one or more characterises 
produced by post-translational processing and/or one or more post-translafional 
modifications, including but not limited to structural features produced by 
proteolytic cleavage and/or processing, and post-translational covalent 
modifications including but not limited to glycosylate, acteylation, gamma- 
carboxylation. methylation, sulfation, and poly-ADP-ribosylation. In particularly 
preferred embodiments in this regard, the structural differences do not dimimsh 
and preferably increase the effectiveness and/or utility of the product, especially ,n 
this regard, the ease of regulatory approval and effectiveness as a medicament 
and/or therapeutic agent. 

in another aspect in these regards, the invention provides in certain of rts 
preferred embodiments transgenic polypeptides and proteins in accordance w.th 
the foregoing that differ in their primary amino acid sequence from that of the 
naturally occurring non-transgenic polypeptide or protein. In further preferred 
embodiments in this regard the polypeptide and/or protein differs from the non- 
transgenic, naturally occurring polypeptide and/or protein in primary structure and 
in structures produced by post-translational processing and/or modification. In yet 
other preferred embodiments in this regard the transgenic substances have 
substantially the same or the same activities as the non-transgenic substances^ 
but in other preferred embodiments in this regard the transgenic substances differ 
from the non-transgenic substances in one or more of their aotivities and/or the.r 
specific activities. 
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in yet additional aspects in this regard, the invention provides in certain 
particularly preferred embodiments non-naturally occurring substances produced 
by a transgenic animal in accordance with the foregoing and as descnbed 
elsewhere herein, wherein the transgenic polypeptide and/or protein and/or other 
substance differs from that occurring in nature in its complexion with rtself to 
form multimers or with other substances, and/or it comprises a moiety not present 
in the polypeptide and/or protein and/or other substance as it occurs in nature, 
and/or wherein the polypeptide and/or protein or other substance does not 
comprise a moiety present in the polypeptide and/or protein or other substance as 

it occurs in nature 

In yet further aspects in this regard the invention provides in certain 
particularly preferred embodiments non-naturally occurring substances produced 
by a transgenic animal in accordance with the foregoing and as descnbed 
elsewhere herein, wherein the transgenic polypeptide and/or protein differs from 
that occurring in nature in its primary structure, and wherein its ammo acd 
sequence differs from the amino acid sequence of the polypeptide and/or protein 
as it occurs in non-transgenic animals but otherwise has 80% to 90-/., preferably 
g 0 % to 95%, and more preferably 95% to 98%, identity with the amino acd 
sequence of the polypeptide and/or as it occurs when isolated from its natural host 
animal. Among preferred embodiments in this regard are those wherein further 
the polypeptide and/or protein has one or more activities of the polypeptide and/or 
protein as it occurs naturally, those wherein the polypeptide and/or protem has 
one or more activities with substantially the same or the same specific activrty as 
the specific activity of the polypeptide and/or protein as it naturally occurs, and 
those wherein one or more activities are different and/or substantially different ,n a 
desired way, either less or more, than those of the polypeptides and/or proteins, 
as it is occurs naturally. Particulariy preferred embodiments in all these regards 
include those in which one or more of the aforementioned activities ,s a 
physiological activity, those in which one or more activities are an enzymatic 
activity, a binding activity, an intracellular transport, those in which one or more 
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activities are physiological persistence and/or half life, and those in which one or 

more activities are pharmacological activities, particularly pharmacolog,cal 

activities effective for treating disorder or disease in a patient. 

In still yet further aspects in this regard, in accordance with the foregomg, 

the invention provides in certain further particulady preferred embodiments one or 
more non-naturally occurring polypeptides and/or proteins, wherein the transgen.c 
polypeptide and/or protein differs in its specific activity from that of the naturally 
occurring polypeptide and/or protein, wherein in certain especially preferred 
embodiments in this regard, the specific activity, as a per cent of that of the 
purified, natural polypeptide and/or protein, wherein the specific activity ,n certa.n 
especially preferred embodiments in this regard is or is selected from the group 
consisting of specific activities within the range of 25% to 95%, 50% to 95%, 75% 
,o 95%. 80% to 97%, 85% to 98%, 90% to 105%, 75% to 125%. 50% to 110%. 
90% to 110%, about 100%, 100%, and more than 110% of the specific activity of 
the homogeneousiy pure, fully active polypeptide and/or protein isolated from rts 

natural source. „,.™j 
In another aspect, the invention provides in certain aspects and preferred 
embodiments non-naturally occurring saliva that differs in composition from the 
composition of the naturally occurring saliva of the non-transgenic animal. The 
invention further provides in certain preferred embodiments in this regard non- 
naturally occurring saliva comprising substances that drffer in the saliva as to K,nd 
or amount or both from those that occur naturally in the saliva of the non- 
transgenic animal, including in particularly preferred embodiments the 
aforementioned polypeptides and/or proteins. In these and other regards, in 
preferred embodiments of the invention saliva of the invention differs from the 
saliva that occurs naturally in the non-transgenic animal, entirely or in part, as a 
result of expression of a transgene, wherein in certain preferred embodiments ,n 
,his regard the transgene is expressed specifically in salivary gland cells^ In a 
related aspect, the invention provides in preferred embodiments saliva that differs 
from non-transgenic naturally occurring saliva of the animal not only in these 
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regards but also in one or more other alterations and/or changes in composition 
resulting from the action, bio-activity or bio-activities of one or more transgenic 
peptides and/or polypeptides and/or single chain proteins and/or multi-cha,n 
proteins on the synthesis, concentration, degradation, completion, modification, 
conformation, distribution, activity, mobility and/or biochemical and/or biological 
activities and/or specific activities of one or more of naturally occurring saliva 
constituents, and/or the biophysical or biochemical properties of the saliva. 

In another aspect the invention provides transgenic animals that produce 
non-naturally occurring saliva that differs in its composition from the saliva that 
occurs naturally in the non-transgenic animal. In yet another related aspect of the 
invention in this regard, certain of the preferred embodiments provide transgenic 
animals genetically engineered to express in their saliva a product that does not 
naturally occur therein. In both of these and other aspects of the invention in 
certain of the particulariy preferred embodiments the saliva contains a transgenic 
peptide and/or polypeptide and/or single-chain protein and/or multi-chain protein, 
wherein the transgenic peptide and/or polypeptide and/or single-chain protein 
and/or multi-chain protein is encoded by one or more transgenes and/or 
transgenic constructs that is/are selectively and/or specifically and/or exclusively 
expressed in one or more salivary gland cells in one or more salivary glands and 
secreted therefrom into the saliva, wherein in still further preferred embod.ments 
the aforementioned peptides and/or polypeptides and/or proteins either are no* 
present in non-transgenic naturally occurring saliva of the animal, or are present ,n 
the transgenic saliva in concentration or form or both concentration and form that 
does not occur in non-transgenic naturally occurring saliva of the animal. 

in another aspect, the invention provides transgenic animals comprising an 
introduced genetic construct that alters gene expression in cells associated with 
saliva production. In this regard, in certain aspects and particulariy preferred 
embodiments it is a further object of the invention to provide a transgemc animal 
comprising in its genome an exogenous DNA comprising (a) c/s-achng 
transcription control regions effective for efficient transcription of operably linked 
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DMAs in cells that secrete polypeptides into saliva, and (b) operab.y linked thereto, 
DNA encoding a polypeptide. In this regard, in certain highly particuiariy preferred 
embodiments in this regard, the polypeptide comprises a signal sequence 
effective for secretion of the polypeptide into the saliva of the animal. 

In another aspect the invention in certain preferred embodiments provides 
transgenic animals that produce saliva of non-naturally occurring composition that 
differs from the composition of the saliva that occurs naturally in the non- 
transgenic animal. Further in this regard the invention provides in certain 
particularly preferred embodiments transgenic saliva that, as a consequence of 
the expression of one or more transgenes, particularly transgenes in salivary 
gland cells, and/or secretion of the transgene-encoded polypeptide and/or protein 
into the saliva: (a) comprises one or more proteins, polypeptides and/or other 
substances (in accordance with the foregoing descriptions) that is not a 
constituent of saliva that occurs naturally in the saliva of the non-transgemc 
animal; (b) and/or does not comprise a substance that occurs in and charactenzes 
the saliva of the non-transgenic animal; and (c) and/or has one or more 
polypeptides and/or proteins and/or other substances in amounts that 
characteristically differ from the amounts in the saliva of the non-transgemc 

an ' m3 ' in another aspect, the invention provides transgenic animals that produce 
non-naturally occurring saliva in accordance with the foregoing, wherein in 
preferred embodiments the transgenic animals produce in their saliva one or more 
substances of interest, particularly one or more polypeptides and/or proteins of 
interest, especially one or more of the aforementioned polypeptides and/or 

Prote '7n all these regards, in preferred embodiments in accordance with each and 
all of the foregoing aspects and embodiments the invention provides transgenic 
animals that are mammals. In particular in this regard, the invention provides in 
further preferred embodiments in accordance with each and all of the foregoing 
aspects and embodiments of the invention transgenic mammals animals that 
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produce large amounts of saliva, particular* mammalian transgenic animals that 
produce large amounts of saliva. In additional preferred embodiments ,n th,s 
regard the invention provides transgenic non-human mammals that are rummants, 
particulariy ruminants that produce large amounts of saliva, particularly 
monogastric ruminants, particulariy monogastric ruminants that produce large 
amounts of saliva. Further, the invention provides in all these regards. ,n 
accordance with each and all of the foregoing aspects and embodiments 
transgenic mammals that are and/or are selected from the group consisting of 
murine (e.g., mouse and rat), swine, ovine, caprine, bovine and equine transgemc 
mammals, that in further preferred embodiments in this regard are, and/or are 
setected from the group consisting of, ovine, caprine or bovine transgemc 
mammals, and that in certain especially preferred embodiments in this regard are 
bovine transgenic mammals. 

In all these and other regards, in accordance with each and all of the 
foregoing aspects and embodiments, the invention in certain preferred 
embodiments further provides methods for producing one or more substances of 
interest in saliva of transgenic animals, comprising expressing in the animal one or 
more transgenic constructs to provide the desired substance of interest ,n the 
animal's saliva, collecting saliva from the animal, and obtaining the substance 
from the saliva. In preferred embodiments in this regard, in accordance wrth the 
previously noted preferred embodiments in this regard, preferred substances are 
polypeptides and/or proteins, especially those encoded by one or more of the 
transgenic constructs, particularly polypeptides and/or proteins that undergo 
complex post-translationa, processing and modification that affects bio-act,v,ty, 
also particulariy blood proteins, proteins of hemostasia, including regulatory, 
enzymatic and structure proteins involved in forming blood clots (coagulation), 
dissolving clots and regulating the processes of clot formation, ^intenance 
breakdown and removal, especially in particular von Willebrand Factor ( vWF ), 
fibrinogen, prothrombin and thrombin, also especially in particular album.n. 
antibodies, growth hormone and phytases. 
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in another aspect, the invention provides in certain preferred embodiments 
methods in accordance with the foregoing aspects and embodiments of the 
invention, comprising collecting saliva from one or more salivary glands of the 
transgenic anima.. wherein in further preferred embodiments in this regard the one 
or more salivary gland includes or is the type of salivary gland or glands that most 
produce saliva in the animal, wherein in especially preferred embodiments one or 
more glands is one or more parotid glands, wherein further in these regards ,n 
certain preferred embodiments the saliva is collected from on.y one of a pa>r or 
other multiple of glands that are present in the animal, in particular in this regard 
from one of a pair of parotid glands in the animal. 

in a related aspect in this regard, the invention provides in certain preferred 
embodiments methods in accordance with the foregoing, comprising obta.nmg 
saliva from the anima. via a cannula placed in the lumen of one or more salrvary 
glands, especially parotid glands, particu.arly in accordance with the immediately 
foregoing preferred embodiments. In further preferred embodiments in this regard 
the invention provides methods for collecting saliva from a transgenic an.mal, 
comprising collecting saliva through one or more cannula placed in lumen of one 
or more saliva-producing glands, especially glands that contribute most to sahva 
production, particularly the parotid glands, especially glands in which transgene 
expression and production of the transgenic product of interest is most 
advantageous (that is: most efficient, where it is found in the highest 
concentration or the most active form, or where saliva can be obtained ,n the 
greatest volume, or a combination thereof), particularly wherein more than one 
tube is implanted in more than one salivary gland in the animal, alsowhere.n 
cannula are placed in on.y one member of each pair of salivary glands ,n the 
animal further wherein saliva is collected through the cannula continuously, and ,n 
other preferred embodiments, wherein saliva is collected intermittently. The 
invention further provides in certain related preferred embodiments in this regard 
methods in which cannula are permanently placed in the glands, wherein the 
saliva is collected through the cannula into a collection vessel, wherein further ,n 
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this regard, the collection vessel is mounted on the animal so that the animal is 
free ranging and in other preferred embodiments wherein saliva is collected from 
the animal and then transferred to a collection vessel that is not mounted thereon, 
in related preferred embodiments the invention further provides methods in 
accordance with the foregoing in which the collection vessel contains 
preservatives and/or protease inhibitors and/or agents that aid subsequent 
processes to purify the one or more substances of interest, including but not 
limited to immuno-affinity reagents. 

in yet another aspect, the invention provides genetic constructs for mak,ng 
transgenic animals, as well as transgenic constructs in accordance with the 
foregoing. In particular, the invention provides in certain preferred embod.ments 
in this regard transgenic constructs comprising cfe-acting expression control 
elements together with one or more coding regions that together encode the 
amino acid sequence of one or more polypeptides to be expressed, wherein the 
expression control elements and the coding regions are combined in the construct 
so that, when property incorporated into a transgenic animal, they effectuate the 
synthesis of the encoded polypeptide, particularly in salivary glands of the an.mal 
and especially its secretion into the animal's saliva. Preferred embodiments ,n th,s 
regard as to. for instance, the encoded polypeptide, the species of transgenic 
animal, and the like are in all regards in accordance with the foregoing aspects 
and preferred embodiments. Thus, in particular, preferred embodiments of the 
invention in this regard provide, in accordance with each and all of the foregoing 
aspects and embodiments of the invention genetic and transgenic constructs that 
are specifically active in cells that secrete substances into saliva, and/or that are 
active in salivary gland cells and engender expression therein of the polypepbde 
of interest or of a precursor thereof and/or are effective in salivary gland cells to 
engender highly efficient expression and production therein of the polypept.de of 
interest or of a precursor thereof and/or are effective in parotid gland cells to 
engender highly efficient expression and production therein of the polypeptide of 
interest or of a precursor thereof and/or use a promoter and/or one or more other 
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c/s-acting control elements that are, that are derived from, or that are similar to the 
control element of one or more genes for a protein that is among the most 
abundant proteins in salivary gland cells and/or in saliva, in particular in this regard 
one of the 10 most abundant proteins in salivary gland cells and/or in saliva, yet 
more particularly, one of the 5 most abundant proteins in saliva^ gland cells 
and/or in saliva, and in still further preferred embodiments in this regard the most 
abundant or the second most abundant protein in salivary gland cells or in salrva. 
Among particular preferred control regions in this regard are those of genes of the 
multi-gene family of proline-rich proteins (»PRP»), in particular the promoters of 
PRP genes. 

In other aspects the invention provides in certain of its preferred 
embodiments uses of the compositions, proteins, polypeptides, and other 
substances, including among others, their utilization in therapeutic composes 
and/or formulations for clinical use in human and veterinary health care and 
treatment; in cosmetic compositions and/or formulations, in composWons and/or 
formulations for environmental applications, such as remediation, and ,n other 
compositions and/or formulations in which any compositions, proteins or other 
polypeptides and other substances in accordance with the invention as descnbed 
herein can be usefully employed. 

in brief summary, the invention relates in some aspects, to the production 
of non-naturally occurring saliva in genetically engineered animals, and to the 
paction in the non-naturally occurring saliva of desired substances, .n add-on. 
in some aspects the invention relates also to animals genetically engineered to 
produce non-naturally occurring saliva, to the non-naturally occurring saliva thus 
produced, and to non-naturally occurring compositions made with or derived from 
the saliva. In certain further aspects the invention relates further to an.mals 
genetically engineered to produce non-naturally occurring constituents in the.r 
• saliva, to non-naturally occurring compositions made with or derived from the 
saliva and to the non-naturally occurring constituents of the saliva thus produced, 
in certain particular embodiments in this regard, the invention relates to the 
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animals genetically engineered to produce in their saliva polypeptides that differ in 
amount, modification, processing, complexation, primary, secondary, tertiary or 
quaternary structure, or nature from the polypeptides of naturally occurring sal-va, 
to compositions comprising the polypeptides made with or derived from the salrva 
thus produced, to compositions comprising the polypeptides thus produced, and 
to the polypeptides themselves. The invention relates in some of its further 
aspects in accordance with the foregoing: to methods for genetically engineenng 
animals to produce altered saliva in accordance with the foregoing; to methods for 
obtaining saliva from the genetically engineered animals, to methods for making 
with or deriving from saliva in accordance with the foregoing desired composrtions. 
products and/or compounds; to methods for processing such compositions, 
products and/or compounds, and to methods for using them. In yet further 
aspects, the invention relates to the production of desired substances by genetic 
engineering of animals to express the substance in advantageous amount and 
form, specifically and/or exclusively in their saliva, particularly animals that 
produce copious amounts of saliva. In certain preferred embodiments in 
accordance with the foregoing the invention relates as well to the production of 
desired polypeptides, especially in the saliva of livestock animals that produce 
saliva in large volume, most especially in cows. 

Other objects, features and advantages of the present invention will 
become apparent from the following description and specific examples. It is to be 
understood, however, that the description and the specific examples, while 
indicating prefened embodiments of the invention, are given by way of illustration 
only since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art from this the foregoing 
background and summary, from the description and the examples, and from the 
entirety of the disclosure. 

TERMS 
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The following explanations are provided as an aid to the reader in 
developing an understanding of a number of the terms and phrases as they are 
used in the desoription herein of the presently disclosed invention. They are 
provided to facilitate greater clarity in understanding the invention and ,ts scope. 
They are provided by way of illustration, however, and they do not, in and of 

provided as usefully supplemental to the description of the invention prov,ded ,n 
the other parts of the present disclosure. 

B/oacf,Ve The term "bioactive" as used herein means •'biologically 
active," "having one or more activities of biological significance," "able to carry out 
one or more activities and/or biological functions," and the like. 

Comm*** advantageous The term "commercially advantageous 
as used herein means "perceived by a business as furthering a commercial 
business goal." Commercially advantageous undertakings in accordance w* ft. 
meaning given the term in this disclosure is not limited to profitable undertakings, 
it also includes activities undertaken to achieve commercial goals that, by 
themselves, may not be profitable. 

Econom/ca/ly wab/eThe term "economically viable" means, as used herein, 
an undertaking or enterprise that is perceived to be financially rational i.e., .t .s 
expected to and/or actually generates net positive revenues. 

Engender The term "engender" in the context of this application refers to 

b e expressed (coding sequences) so that the desired gene expression product w,„ 
be produced in the organism. As used herein in this context the term 
encompasses not only the introduction into the organism of a construct ,n which 
control signals are operably linked to a structural gene encoding a pofypep de o 
be expressed, but also the integration, by either homologous or non-homologous 
into the host cell genome o, one or more exogenous regulatory sequences ,n such 
a manner that they become operably linked to an endogenous expressible 
sequence, such as a coding sequence for the polypeptide and/or protein of 
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interest, and thereby engender expression of or contribute to causing the 
expression of (as by an enhancer sequence, a desired endogenous sequence 
(preexisting in the genome prior to introduction of the exogenous sequence). By 
■■significant" is meant that the polypeptide and/or protein of interest can be 
recovered from the transgenic organism in amounts useful for research or for 
commerce or both. 

Operab/y linked, in operable linkage and the like 
As used herein the terms "operably linked," "in operable linkage" and the 
,ike generally refer to genetic elements for expressing genes and mean that the 
elements are linked together so that they can operate properly with one ano he 
and thereby effectuate a desired function, typically tissue-specific expression of a 
gene and, as to the present invention generally, the production of a des.red 
substanca in saliva of a transgenic animal containing the construct formed of the 
operably linked elements. n 
Polypeptide® and/or protein (s) The terms -protein," "polypept.de, 
■peptide" and "oligo-peptide" generally are used herein consistent wfth their art 
with recognized meanings as follows. 

(1) -Peptides" and "oligopeptides" denote short polypeptides. Short 
polypeptides are included in the meaning of the term "polypeptide," as used 

here ' n '(2) The term polypeptide as used herein generally means an unbroken 
chain of amino acids within which each amino acid is ioined by a peptide bond to 
the immediately preceding and to the immediately subsequent amino acd . he 
chain {except for the firs, amino acid (generally referred to as the am,no— a, 
amino acid) and the last amino acid in a chain (genera.ly referred to as the 
carboxyl terminal amino acid) are immediately adjacent to only one other am.no 
acid and therefore have only one peptide bond}. Natural polypeptides are ..near 
and unbranched as a rule; but, not always. Branched polypeptides and cyCc 
polypeptides occur naturally as well, and are included in the mean.ng of the term 
as used herein. Naturally occurring polypeptides almost exclusively conta.n a 
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mixture of just 20 amino acids that predominate in this regard in virtually every 
living organism that has been examined. Nonetheless, polypeptides in nature 
undergo a wide variety of oovalent modifications and contain thereby a w,de 
variety of covalently modified amino acids. The term -polypeptide," as used 
herein includes all forms of covalently modified polypeptides in this regard as 
well Polypeptides, particularly those longer then a dozen or so amino acds 
generally assume particular, complex conformations in solution, as a resu It of 
interactions with the solvent and asaresult of intramolecular interacts between 
different regions of the polypeptide^*. Under physiological cond,t,ons 
information-determining solvent and intramolecular interactions generally 
non-covaient bonding interactions; but, covalent bonds also play ar , .mportant rc e 
in polypeptide folding, primarily S-S bonding between cysteine rescues. The term 
polypeptide as used herein includes polypeptides wKh any and all structural 
conformations. 

(3) Proteins primarily are composed of one or more polypeptides. Some 
are quite simply, a single polypeptide chain. Others are a single polypeptide ^ 
chain bonded non-covalently. or covalently, to one or more other factors or co- 
factors," such as metal ions, heme, and the like. Proteins made of a single 
polypeptide, associated or not with additional factors, are referred to as smgle- 
chain proteins" and sirnLar terms herein. Commonly, proteins are composed of 
two or more polypeptides. Proteins with several polypeptide chains, whether or 
not associated with additional factors, are referred to herein as "multi-cham 
proteins and similar terms. The polypeptides that make up a multi-cha.n pro tern 
may be all the same, or they may be different. Moreover, many prote.ns (both 
single chain and multi-chain) undergo processes of maturation during syn hes,s 
and/or acfivation processes that involve one or more steps o, proteolybc Ceavage. 
.nitiaHy intact polypeptides, asaresult. are broken into several fragments^ Some 
fragments remain in the protein (or are the protein, in the case of s,ng.e cham 
proteins). Other fragments are released. As used herein, the term -prote.n 
includes all of the foregoing forms and varieties of single and mufii cham prote,ns. 
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inducing inter a//a, those no. associated with other factors and those that are 
bose that are intact as initial* synthesized, and those that have oeen fragmen^d 
asaresui. of proteolytic steps o, processing, maturation and/or action. Also 
included in the meaning of the term as used herein are the aforemenboned 
polypeptides in their forms. 

(4) The structural sequences of genes lineariy encode the am.no acds 
of polypeptides, notwithstanding the fragmented nature of eukaryotic structural 
genesin which the coding regions are broken up into smaller "exons „, cod.ng 
sequence separated by non-coding "introns." Genes are expressed by (a) 
transcription, in which the DNA is sequence is copied into mRNA and <b> 
translation, in which the mRNA sequence directs the sequence of am,no aods 
during polypeptide/protein synthesis. Although genes linearly encode 

'of alive transcript splicing. And a single po.ypeptide may g,ve nse to severe, 
polypeptides as a result o, proteolysis occurring during processes and action. 
Moreover, single polypeptide products ofasingle gene frequently self assoc ate 
to form homo-dimer and higher homo-multimer multi-chain protems. As used 

polypeptide chains and proteins composed o, one or more polypep,des of all such 

genetic and/or cellular origins and/or processes in th,s regard. 

(5, As the foregoing makes clear, there is considerable overiap in some 

regards between the subject matter denoted by the terms "polypeptide" and 
■■protein." The present invention involves transgenic expression to produce 
substances in saliva in transgenic organisms. In certain particularly preferred 
embodiments in this regard, the products are the direct result of 
expression, initial* polypeptides, but often proteins, particularly homo-mu.mers, 
fold by the polypeptides. To denote the inciusion of both polypepbdes and 
pins in the invention in this regarded to avoid the potentia. for amb,gu,ty,n 
this regard that might result from using one term or the other, whether 
systematically or not, the phrase polypeptide and/or protein has been used herem 
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to indicate that the invention generaily relates to and encompasses transgenic 
production of both the poiypeptides encoded by expressed transgenes. and the 
single and muiti-chain proteins produced by seif associa«on of one or more types 
of poiypeptides produced by expression of one transgene or more than one 

^Tn'arrnaceutical polypeptide and/or protein The term "pharmaceutical- 
is used herein to refer to poiypeptides and/or proteins usefully employed to treat 
disorder or disease in subjects, notably human patients. 

Proactive The term "proactive" is used herein to refer to forms of 
substances in which one or more activities is blocked and inactive; but, can be 
"unmasked" thereby to release a form of the substance wfth the prev,ously 
blocked activity. 

Probioactive The term "probioactive" is used herein to mean that one or 
more biological activities of a substance is reversibly inactivated. The act,v,t,es 
are "masked" as it were, but the masking can be removed, and the bioactwe 
substance thus regenerated. 

Regulator regions The term "regulator regions" also may be referred to 
herein as "control regions," "regulatory eiements," "control elements." "regulatory 
sequences" and similar terms. The term "cis-ac,ing"e,emen»," also referred to as 

"cis-acting" regulatory eiement," and "cis-acting control element" each denotes a 
genetic element that controls function, in this case gene expression, ,.e. a reg,on 
of the genome, part of the DNA, that effectuates control, in contrast to other 
eiements of control, such as proteins, .hat are not par. o, the DNAperse and thus 
are referred to as"«rans-acting" factors. 

Significant amount, significant quantity and the like 
The terms "significant amount," "significant quantity" and the like when 
referring to the amount of gene expression, or polypeptide and/or protein and/or 
othersubstance of interests saliva, and/or that can be recovered from he sakva. 
and the like, means amounts useful for research or for commerce or both. 
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Spec/fical/y The term "specifically" as used with reference to gene 
expression herein means that the gene is very considerably more active ,n the 
indicated calls, gland, tissue, compartment, etc. than in other cells glands, 
.issues compartments, and that cumulative non-specific express,on elsewhe e 

all. However, specific expression in one cell, gland, etc. is a matter of 
predominance, no, necessariiy exclusive. Thus, as the term is meantherem^ 

can be used to say that the WAP promoter is expressed specially ,n mammary 
g ,and epithelial cells and thus it is useful to produce transgenic protems 
specifically in transgenic n*» although theWAP promoter also ,s acfive a, a very 
much lower level of expression in salivary glands. 

Substantia same The phrase "substanfially the same asu ed 

discussed. Particularly, the phrase is used to denote close s,m,lanty wrthout 
imp ,ying absolute identity. Thus, for instance, a protein produced ,n transgenic 
a va 1 is substantially the same in its characteristics as its naturally occurr, g 

perhapTsubfle ways and that thus distinguish fi structurally and/or funcbonal.y 

g ,ycosy,ation,"whi,e it includes identity in some or even in ""*»«^" 
giycosylation, also contemplates minor gualitative and/or guantrtafive ifferences 
in giycosylation characteristics, such as differences in the exact extent of 
JZJL. or the exact compost or structure of the 
the distribution of glycan structures in heterogeneous populations of molecu es 
being compared. It wifi be appreciated that the differences contem fcted by the 
phrase vary with the characteristic in accordance with the variation that ,s 
expected by those of skill as to the particular characteristic in quesfion The 
pLe does not contempiate within to intended scope differences tha, result ,n 
dramatic deferences in structure and/or function. For example, it does not 
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contemplate differences in protein structure that obviate established purification 
techniques and require that new ones be deveioped, and R does no, Mud. 
differences in protein function that require major changes in end uses, or those 

that preclude them. 

Transgene The term "transgene" means A gene in an organism that 
contains one or more genetic elements introduced from an exogenous source. 
The transgene may be entirely of exogenous origin, which often is true of 
expression cassettes. 

nFRCRlPTlON 

Notwithstanding the apparent disadvantages of currently available methods 
for obtaining substances by genetically engineering animais to produce them, the 
present invention provides, among other things: methods, genetic constructs, 
transgenic animate and devices for producing desired substances in useful 
amounts and forms from transgenic saliva. It provides transgenic saliva 
comprising one or more desired substances of interest; and compositions denved 
from the saliva; it provides non-naturally occurring composes, 
and/or compounds isolated from transgenic saliva. It provides useful applications 
of the foregoing methods, constructs, animals, devices, composes substances 
and compounds. And it provides a great many other things that wOl become clear 
to those of skill in the art upon reading the present disclosure. 

In particular, in all these regards and in other aspects of the invent™ 
further disclosed herein below, in certain of its preferred embodiments, the 
invention provides transgenic ruminant animals, particulariy monogastnc 
ruminants that produce large volumes of saliva, especially bovine animals 
geneticaliy engineered to produce in their saliva certain desired polypeptides 
and/or proteins of interest in amounts and forms useful for research or for 
commerce or both. Further related preferred embodiments of the invention 
provide methods for making transgenic cows that express the desired polypeptide 
in their saliva, genetic constructs for engineering efficient salivary gland 
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expression of desired polypeptides, methods for genetically engineering 
transgenic bovine animais that produce the desired polypeptide in the, sakva, 

bovine animals to make compositions comprising the des.red potypept.de o 
Lres,non-natura,ly occurring compositions derived from the ^ 
L desired polypeptide of interest, non-naturally occurring polypeptides ,n punfied 
form derived from the saliva, useful formulations comprising the compositions of 
the purified polypeptide, and useful applications of the compositions and the 

PU "r y m P r;:construc,s,anima,s, devices, compositions, polypeptide, 
proteins, substances, compositions, formulations, uses, applications ar , ofiw 
Lures of the present invention are illustrated by the descnpbon and specfic 
examples set out in this disclosure. The disclosure, needless to say, does not 
anTTndeed, cannot, se, out completely and exhaustively all ramificafions, aspects 
and embodiments of the invention. Nonetheless, by way of the exemp ary 
description and examples, the general scope of the invention and much of 
details will become clear to those of skill in the art. 
c»i iwA-RPFaFic Transgenic fxpression 

A variety of methods as described herein can be used to genetically 

produce saliva of non-naturally occurring composition, to produce substances of 
interest in transgenic saliva and to produce saliva of desirable properties 
particularly for the production of polypeptides and/or proteins therein and 
therefrom Some information on saliva-specific expression is provided by 

MiKkelsen and co-workers described techniques for manipulating gene 
expression in a transgenic animal to engender secretion ° f a °ene product^o 

saLasunablefor use in certain aspects '"^TTZZZZZ* 
desired substances in saliva of genetically engineered animals. See*»^ 
Mikkelsen ef ei (1992). Nature 20(9): 2249-2255, which is mcorporated herem by 
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reference in its entirety in parts pertinent to genetioaily engineering saliva-y-giand 
^expression of genes in animals and the secretion of — 
lebyintosaiivaofthegeneticaiiyengineeredanimai, in partner, ,n much 
, he same manner as described by Mikkeison ef a/., salivary-giand specfic 
egression can be engineered using transcription contro, regions o genes ba 
encode especia.iy abundant proteins of saiivary giand ceiis or of sa,va,ts -n 
particu.arin.his regard, expression contro, regions from the gene for parohd 
secretory proteins ("PSP") generai.y are suitabie to engineer sahva ry-gland 
specif, gene expression, in the manner Mikkelsen and co-workers used ^m, 
regions from the gene for mouse PSP ("moPSP") to engender Pa«f 
transgenic expression in mice. The mouse PSP gene has been cloned and 
characterized byShaw and Schibier, and by Pouisen and co-workers. (See th,s 
regard. Shaw and Schib,er(1986), J Mo, B/o/192: 567-576 and 
(1988) EMBL J. 5: ,891-1896. which are incorporated herein by reference , the,r 
entire* particular* as to transgenic saiivary gland-specffic expression.) The 
regiornrf 5' flanking DNA required for salivary gland-specific eX '"^* S |°" ^ 
4.6 kb; but, longer regions, extending farther upstream may prov,d h*£ eia 
o, expression, in the mouse system, notably, the transcript™ contro, reg,on for 
pal gland-specif,c expression differ from those for sublingual gland-spe* 
expression The general organizational schema of the transcriphon contro. 
Xs necessa ' and sufficient for specfilc and efficient transgenic express- ,n 
11a" gland eel in mice «s the genera, organizational model of transcnpfion 

control regions of other genes wfth tissue-specific patterns of expression. 

be followed to isolate the genetic elements for efficient, safivary gland-specrffc 
expression in other animals. Furthermore, in accordance with some preferred 

are to be employed, cloned PSP genes of mice (for instance) can be used 
isolate homoiogs endogenous to the desired bos, animal. The ~ °" 
contro. regions of the host-endogenous genes then can be character^ and, as 
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needed, recombined with other DNA and/or modified for use to make a gene 
expression construct for microinjection into a host. The techniques required 

Larson and co-workers also reported saliva^ gland expression of 
exogenous gene constructs in transgenic mice. See Larson ef a/. (1994), 
Transgenic Research 3(5): 31 1-316, which is incorporated herein by reference ,n 
its entirety particulady in parts pertinent to genetic engineering salivary gland- 
specific expression of genetic material in transgenic animals. Larson ef ai 
describe, among other things, a 7.1 kb mini-gene construct su,tab,e for effic er, 
salivarygland-specificexpressionoftransgenesinmice. ^^ZZl 
construct was much greater than 1% of endogenous express,™ .eves « ^ 
by the 6.2 kb promoter region previously used to engender salary-gland speafic 

eXPr "s and co-workers characterized the genes for rat salivary-gland B1- 
(often referred to as theBLIPs). that a.so are the major 

Mandibular gland acinar-cellprogennors. The transcript™ contro, elements of 
these genes, and their homologs and paralogs are suftable to eng.neer sa„vary 
gland, sublingual gland and/or parotid gland-specific expression of genes ,n 
accordance with certain aspects of the present invention in this regard See 
pertinent thereto, Mirelsef a/. (1998), Biochemica/ Journal 330 (Part 1) 437-444. 
which is incorporated herein by reference in fts entirety in parts person, * 
genetically engineering specific expression of genes in an.mals and the 
of desired substances thereby into saliva of the genetically engineered ammals. 

r™ CTm ,rXS FOR Tp.Mgr.rNir. EXPRFSSION IN SALIVA 

Certain aspects of the invention relate to the introduction into organisms of 
genetic constructs that engender the production of a substance or substances of 
interest in saliva. Such constructs are referred to as, among other th.ngs 
transgenic e.ements, transgenes, introduced genes, introduced genefic elements. 
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exogenous genes, exogenous genetic eiements, exogenous,y derived genetic 
eiements and the like. As noted in greater detail elsewhere herein such elements 

of a polypeptide in the host, they may alterthe amino acid sequence of me 
^Xn^nostoracomhina^n of these, among others. They have s a 

cells of the transgenic host and thereby change the com P os,.,on of the host s 
a va in padicuiarly by engendering the production in the saiiva 

or « and/or naturally found to occur in the host's saliva. ,nK,n and/o nn 
Tint and/or in both kind and amount, as set out in greater de.a„ elsewhere 

here ' n Among substances of interest prefened in the invention in this regard are 
probioactive proteins (including single chain probioactive proteins and muih-cha.n 
probioactive proteins), other probioactive polypeptides, bioactive proteins, 
"dig single chain bioactive proteins and multi-chain bioactive pro.e.ns). nd 
riactil polypeptides. Further preferred in this regard 
active proteins and other pharmaceutically active polypepfdes useful n c n,cal 

proteins and precursors of other pharmaceutically active 
Particu.arly preferred in this regard ara probioactive pharmaceutical protems 
(including singla chain probioactive pharmaceutical proteins and m**-n 
robioactive pharmaceutical p^teins). other 

polypeptides, bioactive pharmaceutical proteins (includ,ng s.ngle cha.n b.oachve 
rhalceutica. proteins and muiti-chain bioactive pharmaceutical prote.ns). and 
other bioactive pharmaceutical polypeptides. 

Also among padicu.ady preferred embodiments of the ,nvent,on ,n these 
re gards are (and/or are selected from the group consisting of) phytase* 
antibodies, growth hormones, and blood proteins including, but not tan ed * 
Im albumin and proteins o, hemostasis and/or thrombosis, especally ,n th,s 
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plrsors thereof, very especially in this regard human fbnnogen. human 
prothrombin and human thrombin and precursors thereof. 

Among the genetic constructs and the like that are useful ,n the mvenbon m 
this regal e pol nucleotide constructs that provide a DMA seguence encod.ng 

oreferred embodiments, for transport of a translation product encoded by the 
d into a particular compartment of the organism, namely in this regard. 

"""'Among preferred polynucleotides for constructs in preferred embodiments 
o, the invention are DNA or RNA:DNA hybrids. Among particuladypreW 
embodiments in this regard are DNA polynucleotides. In carta, pre r ed 
embodiments of the invention in this regard. DNAs that ™^*Z^£Z 
acting transcription controls for gene expression in saUvary gland cells operably 

2 aregL or regions encoding a polypeptide and,or protein of m.ere^. as 
Sly a described elsewhere herein, very particularly, for instance human 
San human prothrombin and human thrombin. DNA-DNA hybnds are 

sWady preferred in some embodiments in this regard. A,so useful ,n hs regard 

proteins or polypeptides of interest, including preferred polyposes and or 
1, esonL aisewhere herein, such as, for instance, phytases, ant, bod, 
oil hormones and blood proteins including, but not limited to. serum albumm 

»nd other related polypeptides, very especially in this regard human fibnnogen 

and human thrombin and precursors and rented po,pept,des 
hereof Also especially preferred in this regard are constructs that are tably 
incorporated in the genome of germ line cells o, the mature 
innentad in normal, Mendelian fashion by reproduction thereof. Constructs that 
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comprise an operable signal sequence that effectuates transport into salrva are 
further preferred in the invention in this regard. , ... . „ 

The constructs may be one polynucleotide or several polynucleot,des when 
introduced into a ceil or embryo or the .ike to form a transgenic animal ,n 
accordance with the invention. Particularly preferred are single chain, double- 
landed DNA polynucleotides in this regard. Also preferred are DNA-RNA hybnd 
polynucleotides. When more than one polynudeotide is used in th,s regard, hey 
generally combine with one another and/or with endogenous genetic element, of 
L host organism, as a result of to vitro or ,n wVo processes, to form a cons ruct 
that then engenders transgenic expression of the polypeptide of interest ,n the 
host organism, particularly in saliva^ gland cells, especially parotid gland ce«s, 
most especially epithelial cells o, parotid glands that secrete efficiently mto the 
lumen of the gland and thus into the saliva. 

,n certain particularly preferred embodiments of the invention, preferred 
constructs provide a polynudeotide sequence encoding a particular po.ypept.de of 
interest or a related polypeptide operably linked to the c/s-acting signals 
necessary for expression in mammary g.and ce.,s and for secretion into sabvaofa 
non-human transgenic mammal. Particularly highly preferred in this regard are 
c/s-ading signals that provide efficient expression in salivary gland cells and 
secretion into saliva of the polypeptide in a form that preserves its native activrty 
with .ittle or no expression elsewhere in the organism, as described in greater 
detail elsewhere herein. DNA and RNA:DNA hybrids are particularly preferred 
polynucleotides in this regard. DNA is especially preferred. 

^cjNg §EQ! IFNCES r"f JRAMSSENIS EXPRESSION 

A wide variety of genes have been expressed in a wide variety of 
trensgenicorganisms. Many blood proteins in particular have been expressec hn 
animals: Moreover, transgenic expression of blood proteins has been targeted to 
specific compartments. The c/s-ading controls used in the pas. to express blood 
proteins in transgenic organisms also are useful, in many cases, in ~P« 
polypeptides and/or proteins of interest, such as the polypeptides and/or protems 
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of preferred embodiments of the invention herein disclosed, in transgenic 
organisms in accordance w«h the present invention. Examples in this regard are 
described in Lubon e( a/.. Transfusion Medicine Reviews X(2): 131-141 (1996) 
which is incorporated by reference herein in its entirety. Some preferred 
embodiments relating to expression-regulatory regions for transgenic expression 
of preferred polypeptides and/or proteins described elsewhere herein are 
discussed in further detail below. 

c^tere anrf other e x Bmsma control sequences 
The c/s-acting regulatory regions useful in the invention include the 
promoter used to drive expression of a gene in a transgenic organism effecfve for 
the production in the organism of polypeptides and/or proteins of interest. 
Preferred in this regard are regulator regions that engender the production of 
significant amounts of the polypeptide and/or protein of interest that can be 
recovered from the organism, purified and. where required, such as for 
probioactive proteins and other probioactive polypeptides of certain of the 
preferred embodiments of the invention in this regard, converted from the 
probioactive form to the bioactive form. The term "engender" in this context refers 
»o any case in which the regulatory regions are operably linked to the sequences 
to be expressed (coding sequences) so that the desired gene expression product 
wili be produced in the organism. As used herein in this context the term 
encompasses not only the introduction into the organism of a construct in which 
control signals are operably linked to a structural gene encoding a polypeptide to 
be expressed, but also the integration, by either homologous or non-homologous 
into the host cell genome of one or more exogenous regulatory sequences in such 
a manner that they become operably linked to an endogenous expressible 
sequence, such as a coding sequence for the polypeptide and/or protein of 
interest, and thereby engender expression of or contribute to causmg the 
expression of (as by an enhancer sequence) a desired endogenous sequence 
(preexisting in the genome prior to introduction of the exogenous sequence). By 
•■significant" is meant that the polypeptide and/or protein of interest can be 
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recovered from the transgenic organism in amounts useful for research or for 

commerce or both. 

Particularly preferred are regulatory regions that provide for the production 
of significant amounts of the protein, polypeptide or other substance of interest ,n 
salivary glands, especially parotid glands, most especially in saliva, in particular ,n 
animals that produce copious amounts of saliva, especially in this regard in cows. 
Particularly useful regulatory regions for expression in saliva are promoters that 
are active in cells of salivary glands and other tissues that secrete into saliva. >n 
particular in this regard in parotid gland cells that secrete into saliva, especially 
epithelial cells of parotid glands that secrete polypeptides into saliva, particularly, 
as set out elsewhere herein, in animals that produce large amounts of sahva. 
particularly in monogastric ruminant animals, especially porcine, caprine, ovine, 
bovine and/or equine animate, very especially bovine animate. Especially useful ,n 
this regard are regulatory regions that are specifically active in the aforementioned 
cells- 1 e that are more active in the aforementioned cells and tissues than n 
other tissues under physiological conditions where saliva is synthesized. Typ,cally 
the regulatory regions are much more active in the specific cells and tissue than ,n 
any other cells or tissues. Generally, as used herein, highly preferred are 
promoters and other regulatory elements that are both specific to and efficient for 
expression in cells that secrete into saliva, particularly cells of saliva^ glands, 
particularly epithelial cells proximal to the lumen of salivary glands, particularly as 
well salivary gland cells that secret polypeptides and other substances into saliva, 
particularly further still cells that secrete into and largely determine and control the 
composition of saliva, particularly in animate that produce large amounts of saliva, 
especially particularly, as set out elsewhere herein, in animate that produce large 
amounts of saliva, particularly in monogastric ruminant animals, especially 
porcine, caprine, ovine, bovine and/or equine animals, very especially bovine 
animals and/or cows. By "efficient" is meant that the promoters are strong 
promoters in cells of salivary glands, that they engender the synthesis of large 
amounts of protein therein, particularly in cells that efficiently secrete the proton 
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into saliva, especial.y in cows. Promoters and other regulatory elements for 
ZZ genetic and/or transgenic —s that can be osed to produce 

llals in accordance with the invention herein disclosed can be obta.ned by 
Among preferred promoters and other reguiatory elements for -^«^ 

"control elements," "regulatory sequences" and the like.). 

Uisunders,ood«hattheinven fo nencompassesbothconst,,ut,veand 

inducible promoter, Among preferred promoters in this regard are — 

and metals. A variety of such promoters, their inducible elements, and 
nltion are described in for sample, s^«* 
^ffli 2- Ed., Cold Spring Harbor Laboratory Pres . C d Spnng 
^T^Wwhich is incorporated herein by reference ,n ,ts en.,rety 
particularly as to parts pertinent to promoters and inducbon. 

Among the seances that regulate transcription that are useful ,n the 
invention, in addKion to the promoter sequences discussed above, are , — , 
sle signals, transcription termination signals and po.yadeny.abon s,tes. among 
1" pTrti ularly useful regulatory sequences include those that increase the 

Tamsms. Also particulariy preferred in this regard are those that .ncrease the 
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speedy of expression in targeted compartments ofatransgenicorgan^ 
Among highly particu.arly preferred regulatory regions in th,s regard are thosethat 
Lease the efflciency.me specificity or both the emciency and, espec^f 

in L saliva of transgenic non-human animais in accordance w*h the ,nvent,on. 
<*> Untranslated Sequences 

A.so among regulatory sequences preferred in certain embedments o Mh. 
invention are sequences comprised in the 3T untranslated portion of genes the 
Tnlse expression of transgenicly-encoded products particular* ,n saWary gland 
cel.s of transgenic non-human mammals, especially those that increase the 
Hf the product secreted into saliva. Among highly preferred sequences " 
«nis regard are those that stabilize mRNA transcribed from transgenes. Among 
nreferred embodiments in this regard are sequences that compr.se a 
^ adenylation signal, particulariy the polyadenylation signa, of ^ « 
preferred regions of this type are those derived from the genes for prote-ns that 
are expressed at high levels in parotid gland cells. 
T^ffMrinn and Trr "*i»«™»l Signals 

Also important to the invention are signal sequences that can d.rect 
secretion of proteins into the saliva of transgenic animals. In this regard both 
endogenous and heterologous signal sequences are useful in the ,nvent,on. 
Generally, the signal peptides of proteins normally secreted into sal.va ana 
particulariyusefulintheinventioninthisregard. The signa. sequences of pro,e,ns 
tha, occur in high concentration in saliva are particulariy preferred. 

Among the sequences that regulate transition and transport, ,n add,t,on to 
tne signal sequences discussed above, are ribosome binding sites and sequences 
that augment the stability of mRNA. Also, especially useful in the presen 
invention are sequences that advantageously modulate post-translafional 
modifications in accordance with the invention herein described. 
nFMF Activation 
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Changes in gene expression a.so can be engineered in transgenic animals 
without using acompiete structure, gene sequence. Perhaps most 
regard, the expression of endogenous genes can be activated - or altered ,n other 
ways - by recombination in situ in a host cell between an exogenous DNA and the 
target gene. The recombination event removes inactive endogenous expresa,on 
controls and leaves active expression controls in their place. Gene activation 
methods can be applied to engender expression of any "endogenous" gene, ,e 
any gene in the genome at the time of recombination: not only native genes but 
also of one or more previously modified native genes and/or one or more 
transgenes previously integrated into the host. Perhaps needless to say the 
previously integrated transgenes in this regard may be of entirely heterologous 
origin, or may be chimeric genes (containing some regions(s) endogenous to the 
host and others from heterologous sources), or may be almost entirely, or entirely 
in some methods, endogenous to the host (for instance, a native structural gene 
of me host linked to 3' and 5' flanking regions derived from different host genes^ 
Gene activation methods can be used to make transgenic animals by altenng the 
genome and gene expression of germ cells, embryonic oe,.s and/or somatic cells. 
Techniques in this regard are described in, for example. WIPO Internationa, 
Plications numbers WO 93/09222 and WO 91/12650, and US patent number 
5 641 670 each of which is incorporated herein by reference in its entirety ,n parts 
pertinent to in situ gene activation methods for use in the present invention. As 
described therein and elsewhere, specific polynucleotide sequences 
conesponding to regions of a targe, gene, such as polypeptides and/or prote,n o 
preferred embodiments of the invention herein disclosed, or to regions prox,mal or 
distal thereto, are used to target integration of an exogenous construct ,nto a 
specific sKe in a genome by homologous recombination of the specific sequences 
in the construct with their counterparts in the target site. Specific express,on- 
regulatory sequences can be integrated into genomes in this way to control 
expression of specific genes. The methods can be used to turn targeted genes on 
or turn them off or to alter their regu,ation in a cell. Accordingly, these methods 
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can be used to engender production of desired polypeptides and/or proteins in 
ceiis in which it is not ordinary produced, or to increase expression ,n ce Is , at 
normaiiyproduceitatiowtevei, These methods also can be used to .ntroduce 
specific mutations into a gene. By these means specific mutations can be 
introduced into coding regions of endogenous genes, such as those that encode 
functional regions of the protein. 

,n soma cases, cells that can be manipu.ated in th,s way can be used to 
make transgenic organisms, although such methods are no. avai.able currently for 
Irganisms. In one embodiment in this regard, for example, a DNA encodings 
human polypeptide and,or protein of interest can be introduced ,n»o a transgen.c 
la, and subsequent* modified therein as described above. Merna ve y, a 
can can be thus modified in vHro to express the polypeptides and/or pro.e.n o, 
interest Subsequently, the cell can be introduced into an animal, preferably ,nto 
the major secret salivary gland, preferably, in accordance w*h various 
preferred embodiments in this regard further disclosed elsewhere here,n ,nto the 
parotid gland in non-human mammals that produce large amounts of safiva. ,n 
particular amounts sufficient for commercially advantageous and/or economical* 
viable production of substances from the saliva, especially transgemc 
polypeptides and/or proteins, further especially in this regard monogastno 
Puminant non-human mammals that produce the aforementioned sufficient 
amounts of saliva, also further especially in this regard porcine, ovine, capnne, 
hovine and,or equine animals that produce the aforementioned sufficient amounts 
of saliva, particularty especially bovine animals in th,s regard. 

,n an illustrative embodiment in this regard, the host cell can be a ferfl.zed 
oocyte or embryonic stem cell that can be used to produce a transgenic an.mal 

the host cell can be a stem cel. or other early tissue precursor mat grves nse to a 
specific subset of cells that can be used to produce transgenic tissues ,n an 
animal. 

making Tran c ™= m "~- Organisms 
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Transgenic organisms that express a po.ypeptide and/or protein of interest 
may be produced in accordance wKh the invention described herein using many 
welknown techniques, such as those described in GENETIC ENGINEERING OF 
ANIMALS, Ed. A. Puhler, VCH Publishers, New York (1993), in more deta.hn 
Olme 18 in Methods in Molecular Biology: TRANSGENESIS TECHNIQUES, 
Eds. D. Murphy and D. A. Carter, Humana Press, Totowa. New Jercey ( 993 , 
and in Lubon eta,. (1996), Transfua/on Medicine Renews X(2): 131-141, each of 
which is incorporated herein by reference in their entireties particularly as to the 
foregoing in parts perunent to methods for making transgenic organismsm 

general and to methods usefui for making transgenic organisms that produce 
substances in their saliva, particularly polypeptides and/or protems. 

,n particular, transgenic animals, such as murine (mouse and rat). sw,ne, 
ovine, caprine, bovine and equine animals, that produce saliva of altered 
composition, such as transgenic animals that produce in their saliva a des,red 
substance not naturally occurring therein in accordance wrth certain preferred 
embodiments of the invention, can be produced using methods described, ,n 
among others: MANIPULATING THE MOUSE EMBRYO, Hogan ef a . Cold 
Spring Harbor Press, Cold Spring Harbor, NY (1986); Krimpenfort et a/. (1991), 
B^echno/ogyg: 844 etse q , Palmiter et a/. (1985). Ce//42: 343 erseq, 
GENETIC MANIPULATION OF THE EARLY MAMMALIAN EMBRYO, Kraemer et 
a, cold Spring Harbor Press, Cold Spring Harbor, NY (1985); Hammer eta, 
1985), Jure 315: 680 etseq, U.S. Patent number 4,873,191 of Wagner eta,. 
Ge „e,/c Transformation of Zygotes, and U.S. Patent number 5,175 384 of 
Krimpenfort et a,., Transgenic Mice Depleted* Mature T-CeHs and Methods fo 
MaKIng Transgenic Mice, each of which is incorporated herein by reference , ,n* 
entirety particularly as to the foregoing in parts pertinent to producing transgen.0 
mammals by introducing DNA or DNA:RNA constructs for polypept.de and/or 
protein expression into cells or embryos. (Regarding DNA:RNA constructs and 
Lir use see for instance U.S. Paten, number 5,565,350 of Kmiec. Compounds 
and Methods for Site Directed Mutations in Eukaryotic Cells and U.S. Patent 
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n Um ber5756,32 5 ofKNec.Co m po U n dsand Memods forSif e Dire c ( edMu ( a ( /ons 
to EUtaryoK Cells, each of which is incorporated by reference herern in 
entirety particuiariy as to the foregoing in parts pertinent to targeted genetic 
manipulations useful to produce transgenic organisms in accordance w,th the 
present invention. 

Thus, for example, transgenic organisms of the present .nventron can be 
produced by introducing into eggs ordeveloping embryos one or ™ ene ^ 
constructs that engender expression of one or more polypeptides and/or pro ems 
of interest. We.l known and readily available methods generally can be used for 
introducing genetic material into ceils and/or for aitering endogenous genetrc 
material for making transgenic organisms in accordance with the mvenbon. 
, Among useful techniques in this regard are those for introducing genebc 
constructs and/or other genetic or genome altering DNA, RNA, PNA or 

transaction, by means of cationic reagents, by using sperm or sperm heads or the 
like, by lipofection, by liposome fusion, by electroporation, and by ballrshc 
PombLdment, among other we,, known techniques useful for th.spurpos. New 

techniques that may be developed in this regard a.so will be recognrz d when they 
become avai,able as being useful for introducing genetic materia, or altenng 
endogenous genetic materia, in accordance with various aspects and 
embodiments of the invention herein described. 

Useful techniques in this regard include those that involve ,ntegrat,on of 
exogenous genetic materia, into the host ce,l genome by homologous 
recombination, such as those that can be employed to achieve targeted 
integration, and those that involve non-homologous integration. Whrle stable 
integration of genetic material into the host genome is preferred in certarn . aspects 
and embodiments of the invention, methods that provide s,ab,e genet* a,terat,ons 
by means of extra-chromosome, elements also are useful in certain aspects and 
embodiments of the invention, as are methods that provide transren .ncorporatron 

into and/or alteration of host ce„ genetic material and/or transient alterahon of 
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introduced genetic constructs and/or transient alteration of host cell gene 
expression and/or protein synthesis. 

It will be appreciated that the foregoing is provided as being illustrate of 
the many well known and available methods that can be used by those of sk.ll ,n 
the pertinent art to make transgenic animals in accordance with the present 
invention, in particular to make transgenic animals in accordance with the present 
invention that express a transgene in salivary gland cells and thereby produce a 
substance of interest in the animal's saliva, in particular a polypeptide and/or 
protein of interest, further particularly wherein the salivary gland cells are cells of 
the parotid gland and the cells continuously secret the polypeptide and/or prote.n 
into the gland duct and thereby into the saliva. 

Using these methods and others, constructs can be introduced into 
pluripotent cells, totipotent cells, germ line cells, eggs, embryos at the one cell 
stage embryos at several stages of greater numbers of cells, and cleavage stage 
embryos, among others, to make transgenic organisms of the invention. In these 
regams, among others, they may be introduced by such methods in pronuclei, 
nuclei, cytoplasm or other cell compartments or into extracellular compartments of 
multicellular systems to make transgenic organisms of the invention. 

,n a preferred method, developing embryos can be infected with retroviral 
vectors and transgenic animals can be formed from the infected embryos. In a 
particular* preferred method DNAs in accordance with the invention are injected 
into embryos, preferably at the single-cell stage. In some particularly preferred 
embodiments in this regard, DNA is injected in the pronucleus of a one-cell 
embryo. In other preferred embodiments in this regard, DNA is injected into the 
cytoplasm of a one cell embryo. In yet another particularly preferred embodiment 
in this regard, DNA is injected into an early stage, several cell embryo In these 
regards, in like manner, in yet other preferred embodiments a DNA-RNA hybrid ,s 
injected into an embryo, particularly single-cell embryos, into the pronucleus or the 
cytoplasm, or into an early stage embryo. 
Somatic c ^" transaenesis 
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Similarly, in some aspects and embodiments in aooordanoe with the 
present invention genetic elements and/or constructs for engendering gene 
expression to produce one or more desired polypeptide and/or prote,ns and/or 
other substances in saliva are introduced directly into an anima, and mcorpo ated 
into some of the animal's somatic cells, preferably ceils of one or more sal,vary 
g ,ands. particularly one or more salivary glands that are majors) sites of sahva 
production, particularly cells, glands and animals in accordance w,th preferred 

few of the preferred embodiments in this regard, one or more paroud glands that 
are majors) sites of saliva production in monogastric ruminant ammals that 
produce large quantities of saliva, especially ovine, caprine or bovine an,ma,s. 
particularly especially parotid glands of bovine animals. 

in further preferred embodiments in this regard the genetic elements and/or 
g ene constructs are introduced into saliva* g-ands. preferably P™"<£* 
taken up by cells thereof, and, when integrated into the genome of the sahvary 
gtdceJengender therein expression ofagene, and thereby the products of 
one or more desired substances in the saliva of the transgenic an.mals. 
Transgenic animais produced by such methods generally will be chimeric; 
transgenic only in some of their cells . i.e., salivary gland cells, not in others. 
Germ cells generally will not be altered - unless specifically targeted. The 

this and other disadvantages, somatic cell mediated transgenic methods does 
offer a number of advantages, in principle. First, a seeming disadvantage of such 
me thods - namely, lack of reproductive competence of the transgen,c cells wh.ch 
precludes inheritance in offspring of the transgene and its qualities - actua.ly 
provides at least one important advantage. Since the transgene cannot be 
rproduotrvely—edHis confined to«he animals into ^«^<7 
ilduced, and somatic cel. transgenesis thus provides a high ,ntnns,c level of 
bio-containment. More practically, and perhaps more importantly, access to 
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transgenic production through genetic manipulation of somatic ceils does not 
involve the gestation and development periods usually required to obtain 
transgenic production using methods that rely on genetic engineering of eggs or 
embryos. This feature is particularly advantageous for animals that requ.re 
monL or years of gestation and development to reach the maturity requ-red for 

transgenic production. Accordingly, somatic cell transgenesis also has the 
advantage that it be tried and assessed in relatively short time periods, and 
thereby can avoid uncertainty, lost time and long-term investments of resources 
that may attend the rather iong wait before production can be tested ,n animals 
made by uansgenesis using eggs orembryo, Furthermore. transgenes,sv,a 

somatic cells can be carried out repeatedly on the same animal. Repetition ca 
be sequential, which may be useful to repeat efforts to get a given expenmen. to 
work in a given animal, or to introduce a sequence of constructs into the same 
animal. Somatic transgenesis also allows the production of animals ch.menc ,n 
severe, different ways at the same time. The same genetic alterations can be 
engendered in several specific tissues, glands or organs, for instance. Or 
d«^ ( ^m-*u^n.e«b.c^ou. rt d l n^P^«-»^ 
animal. Somatic cel. transgenic methods can be used advantageously , all o 
tile regards, and in other ways, in certain aspects and preferred embod.ments 
of the invention herein disclosed. 

Methods for genetic manipulation of salivary gland cells that can be useful 
in accordance with the present invention in these and other regards have been 
described, for instance, in Baum et a,. (1999). CWca, ReWews „ Ore, 6,0/ogy * 
Medicine 10(3): 276-283, which is incorporated herein by reference ,n rts entire^ 
partioulari^n parts pertinent to transgenic expression of genes in salivary g ands 

and production of desired substances in saiiva. especially as to methods for 
somatic eel, transgenesis in cells of salivary glands and/or those invoked in 

producing saliva or components thereof and/orthose useful for mod,fy,ng sativa. 
particulariy as to producing desired substances therein. Baum et a/ rev.ew 
progress a. that time in methods for transferring foreign genes to salivary gland 
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cells in vivo. As described therein, there are a variety of well known and readily 
avai.afc.le replication-deflcient recombinant adenovirus-derived vectors that can be 
used to transduce a cloned gene into salivary gland epithelial cell types and 
engender therein high level expression of the transgene. in rats. Gene transfer 
into salivas glands also has been achieved with non-reoombinant adenoviruses, 
vectors derived from retroviruses, and with plasmid conjugates. 

p, , ninrfT ,~, ~ fy~>MRTRi ihts Fnn Making Tran^fn.c Animals 
Constructs for producing one or more polypeptides and/or one or more 
proteins and/or one or more other substances of interest in saliva of transgenic 
non-human animals in accordance with the invention, such as 
DNA and DNA:RNA hybrid constructs, can be prepared by any of a w,de vanety of 
well known molecular biology methods. DNAs in double-stranded form may he 
manipulated by conventional methods to provide constat having the structures 
and properties set out elsewhere herein for expression in transgenic organisms, 
particularly cells of one or more salivary glands, especially one or more ma,or 
g ,ands of saliva formation, also especially one or more of the major glands for 
secretion of polypeptides and,or proteins and/or other substances o,,n eres , .o 

saliva aiso especially one or more major salivary glands that secrete the most 
polypeptide and/or protein into the saliva of the animal, also especiaily one or 
major salivary glands that secrete the greatest volume of saliva forming 
constituents in the salivary gland duct, particulariy especially cells of the parohd 
glands of non-human monogastric ruminant mammais, preferably in th,s regard 
monogastric ruminant mammals that produce large volumes of saliva, also 
particulariy especially porcine, ovine, caprine, bovine or equine mammals, very 
especially one or more parotid glands of bovine mammals. 

For DNA:RNA hybrids, well known vectors that contain bacteriophage 
promoters, such as the T3 and T7 promoters can be used to produce RNA for 
DNA'RNA hybrids and well known vectors that produce single-stranded DNA may 
be used to produce single-stranded DNA for DNA:RNA hybrids. 
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Constructs can be amplified by conventional techniques for cloning and 
propagation in a host organism such as a bacteria, host, a yeast host an insect 
cell host, a mammalian cell host, or other suftable host. Constructs also can be 
amplKied by in *o methods such as PCR. Constructs can be derived from 
natural, cloned or synthesized DNA or RNA, in whole or in part. Polynucleotide 
constructs may contain modified bases as we,, as the bases that occur naturally ,n 
DNA and RNA. 

Often constructs for making transgenic organisms in accordance w,th the 
invention are manipulated or propagated joined to or in the presence 
polynucleotides. These extraneous polynucleotides can be removed pnor to usmg 
alstructtoproduceatransgenicorganism. For Instance, a genefc construct 
(such as an expression construe, comprising (I) a structural gene for a po.ypept.de 
to be produced in saliva, operably linked to (ii) da-acting regulatory and other 
signals sufficient for expression of the structural gene in salivary gland of the 
g ,and ce„s and secretion of the expressed polypepfide into the duct lumen, and 
into the saliva), that has been propagated and amplified as part of a cloning vector 
(such as a plasmid vector), generally can be released intact from the vector by 
restriction enzyme cleavage, then separated away from the vector restnebon 
fragments by gal electrophoresis and then recovered from the gel, often by 
alectroelution. all following standard mo,ecu,ar biology techniques. S,m,.ar 
techniques of gel electrophoresis and electrocution are useful to punfy PCR 
amplioons as well. Constructs for introduction into cells to make transgenic 
organisms in accordance with the invention generally are purified by one * more 
steps, we,, known to those of skill in the art, such as, but not limited to HPLC. 
ultLntrifugation through a sucrose gradient, ultrecentrifugation through an NaCI 
gradient or, in certain particulariy preferred embodiments in this regard, by 
combination of two or more of electrocution, HPLC, sucrose grad.ent 
centrifugation and NaCI gradient centrifugation. 
nNA Pncodin " Pg VPEPTIDES 



Page 44 of 105 



™ PCT/US03/04807 

WO 03/069984 

Genetic constructs that comprise one or more structural genes for one or 
more polypeptides and/or proteins of interest for use in making transgenic 
organisms in accordance with the invention can be obtained using standard 
molecular biology techniques, including but not limited to techniques for c on,ng 
synthesizing and modtfying DNAs. RNAs. PNAs and combinations thereof, among 
lers. Genomic DNAs, minigenes and cDNAs are particularly preferred ,n this 



Structural gene-containing constructs, such as genomic DNAs, minigenes 
or cDNA constructs, encoding one or more polypeptides and/or one or more 
proteins derived from a variety of organisms may be used in the invention ,n this 
egard. For instance, genetic constructs encoding a polypeptide and/or protein 
that can be used for salivary gland ceH-specific expression in accordance w,th the 
invention include, among others, those derived from genes and cDNAs of 
mammals, particularly murine, (mouse and rat), swine, ovine, caprine, bovine^ 
equine animals, from primates and from humans. In this regard, among he most 
highly preferred DNAs are those derived from human genomic DNA and from 

hUman p C aTular,y preferred genetic constructs for use in the present invention are 
those that engender expression of human polypeptides and/or proteins of interest, 
particular those polypeptides and/or proteins of preferred embodiments 
described elsewhere herein, particularly proteins that are (and/or a protein 
selected from the group consisting of) phytases, antibodies, growth hormones, 
and/or blood proteins including, but not limited to. serum albumin and proteins 
hemostasis and/or thrombosis, especially in this regard fibrinogen, prothrombin, 
thrombin and von Willebrand Factor (W). and precursors thereof, very 
especially in this regard human fibrinogen, human prothrombin and human 
thrombin and precursors thereof, particularly among these human fibrinogen, 
human prothrombin, human thrombin and human vWF. Genomic DNAs 
minigenes and cDNAs are preferred in some embodiments in this regard. 
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Genomic DNAs that encode a polypeptide and/or protein of interest can be 
obtained, for instance, from iibraries of human genomic DNA or human cDN A. 
Ciones encoding the poiypeptide and/or protein of interest can be ,dent, ed ,n the 
lib raries by probe hybridization techniques. Probes specific to the target genom.c 
Cone or cDNA can be designed using we,l known and readiiy available software, 
based on a known gene sequence, or iess desirabiy a poiypeptide and/or protem 
sequence. Generally, partial or full sequences of previously charactenzed 
genomic or cDNA clones that can be used in this regard are available in weli 
known and readily available databases of genomic and cDNA sequences, 
particularly for human genes, but also increasingly for genes of other organ.sms. 
Sequences for probes can be ascertained from the known sequences us,ng off 
the shelf software designed for this purpose, which is available from commerce, 
suppliers, as well as available over the world wide web. The probes then can be 
used to identify clones encoding the polypeptide and/or protein of interest ,n a 
cDNA or genomic DNA library using standard, well known library screen.ng and 

cloninq techniques. . . . 

Cloned genes for a variety of human blood proteins involved in ma,nta,n>ng 
Hemostasia that can be used in this regard in accordance with ,the — - 
set out in Degen (1992). Seminars in Thrombosis and Hemosfaa/s 18(2). 230-242. 
which is incorporated herein by reference in its entirety particulariy as to the 
foregoing in parts pertinent to genomic DNAs. minigenes DNAs and cDNAs 
encoding proteins involved in thrombosis and hemostasia. Genefic — s «h ' 
engender production of naturally occurring forms of preferred po.ypept,des and/or 
proteins of the invention are highly particularly preferred in some aspects and 
preferred embodiments of the invention. Genetic constructs that engender 
production of altered, mutated, and/or modified terms of the preferred 
polypeptides and/or proteins are preferred in other aspects and preferred 
embodiments of the invention. 

Modifications can be introduced into naturally occurring forms of genes and 
of the polypeptides encoded thereby using techniques well known to the art, such 
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as the synthesis of modWed genes by ligation of overling oligonucleotides, and 
by introducing mutations directly into Coned genes, as by o,igonuc.eot,de 

mediated mutagenesis, infer alia. , Jwt „,„„, limited 

Particularly preferred modifications in this conte=d include but are not limited 
to those that alter post-transletiona, processing as discussed above, that . after 
size that fuse portions of other polypeptides and/or proteins to those o the 
^peptide and/or protein of interest, that alterthe active site 
and/or protein of interest, that stabilize the polypeptide and/or protein of interest, 

that alter, augment, multiply, decrease or eliminate physiological 
polypeptide and/or protein of interest. Ih ^, hat 
For instance, among modifications preferred in this regard are those that 
after parts of a precursor of an active form of a polypeptide and/or protein o 

teres* that do not after the structure of the po.ypept.de and/or protein of ,n ere t 
derived from it, such as wouid be the case for activation of a polypeptide an /or 
protein of interest by proteolytic cleavage of an inactive precursor, such as, 
example, activation of an inactive fusion protein by cleavage by Factor Xa 
cTL in this regard see, for instance, pages 514-M6 in TEXTBOOK OF 

(1 996) which is herein incorporated herein by reference in parts pertinent to 
activation of inactive and other forms of precursors by proteolytic «• 
particularly as to proteins of hemostasia and/or thrombosis that are synthesized as 
p ro -bioactive polypeptides and/or proteins and subsequently converted to 
bioactive polypeptides and/or proteins, at least in part by proteose cleavage 
including!! this regard, but not limited to 

von Willebrand Factor CvWF"), and precursors thereof, very especially ,n this 
regard human fibrinogen, human prothrombin and human thrombin and 

Drecursors thereof. 

Further preferred embodiments in this regard relate to modifications that 
affect, alter, add to, or eliminate one or more o, post-translationa, modifications o, 
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^peptides o, the invention. Certain particularly preferred embodiments in this 

provide improved characteristics and/or performance, such as improved acbvfl.es, 
especiaiiy improved pharmacological and/or physiologica. activflies, improved 
stabiiity. improved properties for purification, and improved physiology 
persistence, among others. 

in certain aspects of the invention in this regard, as set out above and ,n 
some details beiow, preferred embodiments of the invention in mis regard relate 
to, among others, polypeptides and/or proteins that are (and,or are seated from 
ft. group consisting of) phytases. antibodies, growth hormones, and Wood 
proteins including, but not limrted to, senum albumin and protems ofhemosus, 

and/or thrombosis, especially in this regard fibrinogens, prothromb.ns, thromb.ns 
and von Wfllebrand Factors ("vWFs">, and precursors thereof, very especa y ,n 
this regard human fibrinogen, human prothrombin and human thromb,n, and 

precursors thereof. 

Specifically as to certain embodiments of the invention relabng to 
polypeptides and/or proteins that undergo Y -carboxylation, such as certa.n 
pro teins involved in hemostatic process, preferred embodiments in this regard 
include modifications that result in one or more additions, delefions 
of sites of y-carboxylation or to other sites that influence and/or modulate r 

carboxylafion, and/or that change the r carboxy1ation of the thus modified 
polypeptides and/or proteins and thereby provide improved charactensbcs o the 
polypeptides and/or proteins of interest, specifically including but not hmfled to 
improved characteristics o, calcium-dependent membrane binding, and/or to b,nd 
to and/or accrete at and/or localize to sites of injury, and/or improve the 
contribution of glutamic acid residues to modulating interaction and complex 
formation with otherfactors such as, for certain blood proteins in part.cu.ar, 
vitamin K-dependent coagulation factors. 

Certain preferred embodiments in this regard also relate to add,t,on, 
deletion or alteration of sites to change glycosylate of polypeptides of the 
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invention. Particular* preferred embodiments in this regard invoive alterations to 
N-linked glycosylation sites, and sites that match the consensus sequence of fl- 
unked glycosylation sites, such as Asn-X-SerfThr, the primary signature of re- 
linked glycosylation sites in human proteins, and other sites that match consensus 
and other signatures of sites of N-linked and other types of glycosylation ,n human 
and/or non-human proteins. Such sites are described, for instance, in Degen. 
Seminars in Tnromoosis and Hemostasis 18(2): 230-242 (1 992) which ,s 
incorporated herein by reference in its entirety, as to the foregoing part,cular1y w,.h 
regard to glycosylation sites and consensus glycosylation sequences ,n 
polypeptides and/or proteins of interest in accordance with the invention In th,s 

'^Particularly preferred embodiments in this regard include those that alter 
one or more glycosylation sites to provide one or more improvements ,n 
niycosylation-dependent activities of the altered polypeptides and/or protems of 
interest, including but not limited to improved characteristics as to one or more of: 
one or more physiological activities, including but not limited to enzymabc acbvrty, 
substrate preferences, binding to cofactors and other moieties, complex formabon. 
thermal stability, resistance to proteases and physiological persistence, among 
otherthings. In this regard see, for instance. PROTHROMBIN AND OTHER 
VITAMIN K PROTEINS Vols I and II, Seegers and Walz, Eds., CRC Press, Boca 
Raton FL (1986) which is incorporated herein by reference in its entirety, as to the 
foregoing particularly in parts pertinent to glycosylation of polypeptides and/or 
proteins in accordance with the invention, especially in this regard Vol. 1 Chapter 
8, Kobata and Mizuochi, Current Status of Carbohydrate Constituents and 
Prospects, 81-94. 

Poi YPEPT | n| = g and Proteins 

in an important aspect the invention provides polypeptides and/or protems 
of interest, particulariy in amounts and at costs that are advantageous for the,r 
production for commercial enterprise and/or that are commercially advantageous 
and/or that are economically viable, particularly in amounts and initially comprised 
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in saliva and compositions derived from sa.iva from which they can be obtained in 
requisite purity and amount for use in veterina^ and human health care 

applications, inter alia. 

Polypeptides and/or proteins of preferred embodiments of the .nvention ,n 
these and other regards, include, among others: bioactive polypeptides and/or 
bioactive proteins (including single-chain and multi-chain bioactive pro.e.ns), and 
probioactive polypeptides and/or probioactive proteins (including single-cha.n and 
multi-chain probioactive proteins). In addition, certain polypeptides and/or 
proteins of particularly preferred aspects and embodiments of the invent™ ,n 
these and other regards include, among others, bioactive pharmaceutical 
polypeptides and/or bioactive pharmaceutical proteins (including single-cha.n and 
muLhain bioactive pharmaceutical proteins), and probioactive pharmaceutical 
polypeptides and/or probioactive pharmaceutical proteins (including s,ngle-oha,n 
and multi-chain probioactive pharmaceutical proteins). 

Among particu.arly preferred polypeptides and/or proteins, in accordance 
with the foregoing aspects of the invention are (and/or are selected from the group 
consisting of) phytases, antibodies, growth hormones, and blood P rotel " s 
including, but not limited to, serum a.bumin and proteins of hemostas,s, especally 
in this regard fibrinogen, prothrombin, thrombin and von Willebrand Factor 
("vWF"), very especially in this regard human serum albumin, human f.br,nogen, 
human prothrombin, human thrombin and human vWF. 

,n all the foregoing regards, among especially preferred polypeptides 
a nd/or proteins and/or other substances are transgenic polypeptides and/or 
proteins and/or other substances produced in transgenic organisms in accordance 
with the invention herein disclosed, particularly in transgenic saliva, wherein the 
transgenic polypeptides and/or proteins and/or other substances thus produced 
differ from the naturally occurring polypeptides and/or proteins and/or other 
substances in one or more detectable characteristics. In preferred embod.ments 
in this regard the one the transgenic* produced po,ypeptide and/or prote.n or 
other substance from the naturally occurring polypeptide and/or prote.n or other 
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substance in one or more structural characteristics. In especially preferred 
embodiments in this regard the transgenic and naturally occurring polypepMe 
and/or protein or other substance dtffer in their covalent structure and/or ,n acUvtty. 
Structural characteristics that differ in certain preferred embodiments „ th,s 
regard include but are not limited to structural features produced by proteose 
cleavage and/or processing, and post-translational covalent modifications 
including but not limited to glycosylated , acteylation, gamma-carboxylafion. 
methylation, sulfation, and/or poly-ADP-ribosylation. among others. 

in another aspect in these regards, the invention provides in certa.n of ,ts 
preferred embodiments transgenic polypeptides and/or proteins in accordance 
with the foregoing that differ in primary amino acid sequence from that of the 
naturally occurring non-transgenic polypeptide and/or protein. In further preferred 
embodiments in this regard the polypeptide and/or protein differs from the non- 
transgenic, naturally occurring polypeptide and/or protein in primary structure and 
in structures produced by post-translational processing and/or modificafion. In yet 
other preferred embodiments in this regard the transgenic substances have 
substantially the same or the same activities as the non-transgenic -"stance* 
put in other preferred embodiments in this regard the transgenic substances d,ffer 
from the non-transgenic substances in one or more of their activities and/or the.r 

specific activities. . . 

in yet additional aspects in this regard, the invention prov,des ,n certain 
particularly preferred embodiments non-natura„y occurring substances produced 
by a transgenic animal in accordance with the foregoing and as desenbed 
elsewhere herein, wherein the transgenic polypeptide and/or protein or other 
substance differs from that occurring in nature in its completion with riself or w,th 
other substances and/or it comprises a moiety not present in the substance as ,t 
occurs in nature and/or wherein the substance, polypeptides and/or prote.ns does 
not comprise a moiety present in the substance as it occurs in nature 

In yet further aspects in this regard, the invention provides in certam 
particularly preferred embodiments non-naturally occurring substances produced 
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by a transgenic animal in accordance with the foregoing and as described 
elsewhere herein, wherein the transgenic polypeptide and/or protein differs from 
that occurring in nature in its primary structure and wherein its ammo aad 
sequence differs from the amino acid sequence of the polypeptide and/or protein 
as i. occurs in non-transgenic animate but otherwise has 80% to 90%, preferably 
9 0% to 95%, and more preferably 95% to 98%. identity with the amino acd 
sequence of the polypeptide and/or protein as it occurs in the non-transgemo 

an ' mal Preferred embodiments of the invention in this regard in particular provide 
polypeptides and/or proteins that are homologous to human proteins that are 
(and/or are selected from the group consisting of) human antibodies, human 
growth hormones, and human blood proteins including, but not limited to, human 
serum albumin and human proteins of hemostasis, especially in this regard 
human fibrinogen, human prothrombin, human thrombin and human von 
Willebrand Factor ("vWF"). very especially in this regard human serum album.n, 
human fibrinogen, human prothrombin, human thrombin and human vWF, 
including especially probioactive and bioactive polypeptides and/or proteins ,n th s 
regard. Particularly preferred polypeptides in this regard comprise a reg,on that 
70% or more, especially 80% or more, more especially 90% or more, yet more 
especially 95% or more, particularly 97% or more, more particularly 98% or more, 
yet more particularly 99% or more identical in amino acid sequence to the ammo 
acid sequence of the corresponding naturally occurring human proteins or other 
polypeptide, and that retain the desirable activities and other characteristics of the 
polypeptide and/or protein. 

Identity in this regard can be determined using a variety of well known and 
readily available amino acid sequence analysis software. Preferred software 
includes those that implement the Smith-Waterman algorithm, cons,dered a 
satisfactory solution to the problem of searching and aligning sequences. Other 
algorithms also may be employed, particularly where speed is an .mportant 
consideration. Commonly employed programs for alignment and homology 
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searching, and for calculating identities of DNAs, RNAs and polypeptides that can 
TeTsed this regard Mud. FASTA, TFASTA. BLASTN, BLASTP, BLASTX 
TBLASTN PROSRCH, BLAZE and MPSRCH. the latter being an imp,emen«at,on 
L t he SrniU.-Waterrnan algodthm for execution on massively parallel processors 

made by MasPar. 

The BLASTN, BLASTX and BLASTP programs are among preferred 

sequence comparisons and the latter two for polypeptide sequence compansons 

TJZ for Iparison of the po,ypep«de sequences from a„ three read.ng 

frames of polynucleotide sequence and BLASTP for a single 

sequence BLAST programs provide several userdeffnable parameters .ha. are 

s fore imp— a comparison, including ,e following. (1 , 

for E .o esfablish .he number of High Scoring Segment Pairs expected by chance. 

Segment Pair. i.e.. for listing a segmen. pair as a signffican. ma.ch. Usually S is 
Jcl dfromE. The values of E and S calculated for a given search stnn, w, 
b e different on different databases. Accordingly, .he values chosen for Band for 

different databases a parameter Palled Z is used. While the use of soph.st, ated 
«ues for setting E and S are entirely consistent w„ .he P^".a 
presently preferred mefhod for determining similarity, homology and ,den My of 
quen Je using BLAST is to set S to the default value (1 0) and to calculate E 
from the default value of S using the default setting in the BLAST program being 

^entity and homology determining methods are discussed in, forinstance, 
GUIDE TO HUMAN GENOME COMPUTING, Ed. Martin J. Bishop, Academ,c 
Ls.HarcourtBrace & GompanyPub,ishers. N ewYo ri ,(1994)wh,ch,s 

incorporated herein by reference in «s en.ire.y with regard to the foregcng 
Z poTynuLl sequence, especially Chapter 7. The BLAST programs are 
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215: 403-4 10 (1990). which is incorporated by reference herem ,n ■ s enhre* 
^cuiarty regarding .he determination o, similarity, homology and/or .denttyo, 

Additional information concerning sequence analysis and homoiogy n d d «y 
determinations are provided in, among many other ^'^"^ 
re adiiy availabie to those skilled in the art: NUCLEIC ACID W™™ 1 
SEQUENCE ANALYSIS: A PRACTiCAL APPRCACH. Eds. M ^shop and C. 
J. Ratings, IRL Press, Oxford, UK ,1987)-, PROTEIN S™CTURE:A 
PRACTICAL APPROACH, Ed., T. E. Creighto, IRL Press, O-W. « 
Doolittle R F, "Searching through sequence databases AM Enz 183. M 10 
S Meyers and Miller: "Optima, alignments in .inear space" Compuf 

9 :i- 4 : y i1-17 (1988, Needleman and Wunsch: "Agenera, — j££ 
to the search for similarities in amino acid sequence of two prote.ns J « 48. 
443-453(1970)and Smith and Waterman "Identification of common mo,ecu,a 

herein by reference in its entirety with reference to the forego.ng part,culady ,n 
parts pertinent to sequence comparison and identity and homology 

"^^^^^^^^^^ 
polypeptide and/or protein has one or more activities of the po.ypep«de andtor 
21 as » occurs naturally in the non-transgenic animal, those wherem the 

prote in as it occurs in the non-transgenic animal, and those where, one ormore 
activities are substantially different in a desired way, either less or more.t an 
Tose of the non-transgenic polypeptides and/or proteins. Pa rt icu,ady preferred 

aforementioned activities is a physiological activrty, those ,n wh,ch o o more 
activities are an enrymatic activity, a binding activity, an intra-celluiar transport 
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active those in which one or more activities are physioiogicai persistence and/or 

palariy pharmacological activities effective for treating one or more borders 
or diseases in a plant, animal or human pafient. 

,n further aspects in this regard, in accordance with the forego.ng, the 
invention provides in certain further par.icu.ariy preferred embodiments non- 
naturally occurring polypeptides and/or proteins, wherein the «ransgen,c 
^peptide and/or protein differs in rts specif, activity from that o the — V 
occurring polypeptides and/or proteins, wherein in certain especally preferred 
en^Zentsinthis regard the specif, activity M-d/or is selected mm t a 

98% 90% to 105%, 75% to 125%. 50% to 110%, 90% to 110%, about 100* 

in its highly active and highly purified form. Relative specific activrt.es ,n th,s 
regard generally will be determined by using an accepted and acceptor 
relence preparation that can sen,e as an accurate calibrafion stand^ for 
specific activities determination, as described in somewhat greater deta.l 

elsewhere herein. „ . - n nf 

,n yet additional aspects in this regard, the invention prov,des ,n «rta,n of 
„ preferred embodiments probioactive proteins and,or probioacfive p^ypepfi es 
, ha , as to one or more bio-activities are inactive in the >ob,oacfive form, but. 

cases those that are guite inactive in the probioacfive form and when — 
pr ovideahighde 3 reeo«oneormorabioac«ivities,espec,allyah,g degreeo 

specrtic activrty, particulariy especially the specific activity of the na five prote.n, or 
a specrtic activrty approaching the theoretica, maximum specrtic 
Assessing the activrties of polypeptides and/or proteins in th,s regard g n rally ,s 
cone using methods appropriate to the polypeptide and/or protem an d* e 
activityortheactivrties being measured. Such methods genera ly w„i be those 
developed to measure the properties and/or activities of naturaily-occurnng 
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polypeptides end/or proteins, and of variants thereof produced by in v*ro 
Agenesis, inter As to each polypeptide and/or protein property «d 
activity such techniques and protocois, suitabie for use with a g.ven poiy epude 
alTprotein of the present invention, will be we,, Know and readUy ava.lable to 
those skilled in the pertinent arts. 

Especially preferred in this regard are bioactivities of preferred 
polypeptides and/or proteins of the invention inciuding bioactivities o (and/o are 
elld from the group consisting of) phytases, antibodies, growth hormones 
and blood proteins including, but not limited to, serum a.bumm and pro.ems of 
hemostasia especial* in this regard fibrinogen, prothrombin, thrombm and von 

hu man fibrinogen, human prothrombin, human thromb.n an hum- , vWR 

,n this regard especially preferred embodiments are those that have a 
desired degree of one or more of the activities, especially one or more o he 
bioactivities of the polypeptide and/or protein, especially one or more of the 
bi oactiv*ies of the polypeptide and/or protein of interest as it 
from a non-transgenic organism in which « naturally occurs; ,e ,ts nature ly 
occurring activity or actives, especially when measured by reference to a 
preparation of the polypeptide and/or protein that is considered to be 
ornogeneous and highly active, particulariy especially a high spec,f,c act^ 
reference standard preparation of the polypeptide and/or pro.e.n 

polypeptide and/or protein that is considered to be a homogeneous, fully acbve 
preparation of the polypeptide and/or protein, most especially as to human 
polypeptides and/or proteins, an accepted standard reference P"P~- 
especially one considered to be a homogeneous, fully active prepare^ of £ 
naLny occurring human po.ypep.Kle and/or protein. It will be 

ch hi hlypurifled and active preparations may not be available, ,nwh,ch se a 
Te alpted standard is preferred in the invention in this regard. I. also w,l. be 
Isolated that, for po.ypep.ides and/or proteins that have not been prepared ,n 
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highly purified, highly active ferm. Infer ah. transgenic polypeptides and/or 
proteins of the present invention may, in one or more specific activities, exceed 
, he specific activities of existing reference preparations of the naturally occurnng 
polypeptide and/or protein. Accordingly, in some aspects and embodiments of the 
invention in this regard, preferred proteins and/pr polypeptides of the present 
invention may exceed in their degree one or more activities and/or specific 
activities of available and/or known preparations of the natural.y occurring, non- 
transgenic polypeptide and/or protein. 

in all of the foregoing regards, as to activities, especially bioactivit.es, 
particularly preferred embodiments of the invention have 50% or more of one or 
more of the activities and/or specific activities of a reference standard preparation 
of the polypeptide and/or protein. 65% or more is particularly highly preferred in 
this regard, 75% or more is especially highly preferred. 85% particularly especially 
highly preferred, 90% or more very particularly especially highly preferred, and 
95% or more is especially very particularly especially highly preferred. Other 
preferred embodiments in this regard have 25% to 175% of one or more of the 
activities and/or specfflc activities of a reference standard preparation, part™ arty 
50% to 150%, especially 75% to 125%. also especiaUy 85% to 115%, particularly 
especially 90% to 110%. . 

Among preferred embodiments in this regard are derivatives that differ ,n 
post-translational modification from that found in the human polypeptide and/or 
protein prepared from natural sources. Especially preferred in this regard are 
differences that do not cause contraindications when administered to ammal or 
human patients. Also among particularly preferred embodiments in this regard 
are derivatives that have a lower or a higher content or different pattern of vanous 
particular post-translational modifications exhibited by the proteins and/or 
polypeptide from a naturally occurring source, particularly a human polypeptide 
and/or protein, especially those differences that do not cause contraindication 
when administered to animal or human patients and/or that have improved 
qualities as to one or more end uses. 
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For instance, as to certain vitamin K dependent proteins important to the 
processes of human hemostasis, ,-carboxylation that differs detectably from the y- 
carboxylation that occurs in the protein isolated and purified from human subjects 
is preferred, particularly distinguish^ different y-carboxylation in transgenic 
polypeptides and/or proteins that otherwise are considered by the FDA and/or 
other drug approval authorities to be clinically acceptable and/or equivalent and/or 
superior in one or more characteristics to that of the naturally occurring protein. In 
other preferred embodiments in this regard, much the same is the case for other 
post-translational modifications, including those set out above, alone or ,n 
combination, including but not limited to glycosylation (particularly in some 
instances in this regard fucose content and/or N-acetylgalactosamine content), 
amidation, acetylation, methylation, and lipidation. 
H&pypsTiNfs Saliva 

A variety of methods are available for collection saliva of genetically 
engineered animals in accordance with various aspects and embodiments of the 
present invention. Among these are several methods for saliva collection 
depending on the relative amounts to be collected. For example, if small amounts 
of saliva are required for initial analyses of the presance of the transgene product, 
then collection methods suitable for small amounts but not large amounts can be 
used. For collecting small volumes, saliva can be absorbed from the buccal ca^y 
by sponge absorption and then recovered from the sponge. Alternatively, smal. to 
intermediate amounts of saliva can be collected from the buccal cavity by 
aspiration. If copious quantities of saliva are desired, other methods should be 
used. Preferably, in some aspects and preferred embodiments of the invenfion 
large volumes of saliva are collected directly from salivary gland ducts, preferably 
parotid gland ducts. In preferred embodiments of the invention in this regard, 
saliva is collected through flexible tubing from a cannula placed in the duct by 
surgical procedures. In brief, the surgery involves making an incision near the 
lower jaw, isolating and exposing the parotid duct, and cannulating the duct using 
flexible tubing. The tubing is secured surgically, so that it remains in place ,n the 
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duct The opposing end of the cannula is externalized through the skin adjacent 
to the initial incision. The externalized cannuia then is affixed to a collection 
device, for constant coilection of salivary fluids. The cannula and coilecflon dev,ce 
in preferred embodiments are self-contained and are secured solely to the amrnal, 
generally to the neck, ensuring as much as possible that they do no. const™ he 
animal's movements or cause it other discomfort that might cause it to acadenfly 
dislodge the collection reservoir or other parts of the apparatus, and perhaps 
cause its accidental removal. Saliva can be collected in these and other ways not 
presented here suftable for use in venous aspects of the invention. The methods 
and devices reviewed briefly below are further illustrative in this regard, and 
augment the foregoing as to methods that can be used for coilecting salfca ,n 
accordance with the invention herein disclosed. 

Phillips and co-workers described a method and a device that can be used 
for collecting saliva in accordance with the present invention from dog parofld 
giands See in this regard Phillips ef a/. (1983). Laboratory Animal Scence 33(5). 
465-466, which is incorporated herein by reference in its entirety as to methods 
and devices for collecting saliva. Lindner and co-workers described another 
method suitable for use in the invenflon in this regard, particularly for collecting 
saliva of exercising animals, which they used to collect saliva from horses. See ,n 
this regard Lindner ef a/. (2000), J Equine Vet Sci 22(1 ): 52-54, which is 
incorporated herein by reference in its entirety as to methods and devices for 
collecting saliva. Gunzel and Hoppe described a method for collecting sahva 
suitable for use in some aspects of the present invention using a surg,cal 
technique for preparing permanent esophageal fistulas, which they used o collect 
saliva from ovine. See in this regard Gunzel and Hoppe (1976), DTW-Dtsch- 
Tienrtl-Wocnenscnrmn 407-408, which is incorporated herein by reference ,n 
its entirety as to methods and devices for collecting saliva. Sah.u and co-workers 
described a method for collecting saliva by cannulating salivary glands that can be 
used in accordance wflh aspects of the invention herein described, which they 
used to collect saliva from caprine parotid glands. See in this regard Sahlu ef el. 
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/ f Animal <Zrif>nce 72(2): 245-252, which is incorporated 
H992) Canadian Journal of Animal Science u&Ah**> 

Feli and Shutt described methods for collecting saiiva suitable for use m 
accordance with various aspects of the invention, which they used to co«ec sa i va 

Society oMnta- Production 16: 203-206. which is incorporated herem by 
reference in its entirety as to methods and devices for collecting sa„vaBeala,so 

d escribed methods for coiiecting saliva, and methods for measunng saliva^ 
su «ab,eforuse in accordance with various aspects ofthe present ™^ 
W as used to coilect saiiva from ewes by parotid gland cannulat,on. See ,n th,s 
regard Bea, (1977), Joan******* *"* h '"^ ° 

Herein by reference in its entirety as to methods and devices for coliechng sa„va. 
Lutz and co-workers described techniques for collecting saliva from awake, 
unrestrained, adult animals suitable for use in various aspects of the present 

ievels See in this regard Lutz et a/. (2000), American Journal of Pnmato/ogy 
§2(2): 93-99. which is incorporated herein by reference in its enbrety as to 
methods and devices for collecting saliva. 

"""I 8 ^^.PHr^^Hn^On^PRQWaMM^ 

A wide variety of well known techniques may be employed to isolate and 
purify polypeptides and/or proteins from transgenic saliva in accordance w,th the 
presentinvention. ,n genera,, standard methods for preparing composes from 
saliva and/or for isolating, purifying and preparing polypeptides and/or proteins 
can be used in this regard, including but not limited to methods used to pun* 
polypeptides and,or proteins from natural sources, from host cells used for the, 
production via cell-engineering, recombinant DNA techniques, cell culture, and 
transgenic production methods, including methods for obtaining polypepbde 
and/or proteins from milk of transgenic animals. Among preferred general 

activity, in some aspects of the invention ft is preferred that poiypepbdes and/or 
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proteins are isolated from the saliva as soon as possible after it is obtained from 
the transgenio mammal. Particularly preferred for obtaining polypeptides and/or 
proteins from saliva in accordance with the present invention are methods 
involving cryoprecipitation. ion-induced precipitation, anion exchange, and/or 
immunochromatography. Among such methods are methods used to isolate 
proteins from transgenic milk that may also be adopted to isolate polypeptides 
and/or proteins from transgenic saliva in accordance with the invention here.n 
disclosed. By way of illustration in this regard, such methods are described and 
variously exemplified in, among others: Denman et a/. (1991): Transgenic 
expression of a variant of human tissue-type plasminogen activator in goat m,lk. 
,/• Purification and characterization of the recombinant enzyme, Biotechnology 9: 
839-843 and Wright et al. (1991): High level expression of active human alpha-1- 
anti-trypsln in the mm of transgenic sheep. Biotechnology 9: 830-834, which are 
incorporated herein by reference in their entirety particularty in parts perfinent to 
purification of proteins from transgenic animals. 

Some constituents of saliva, such as proteases, may degrade or be 
otherwise deleterious to transgenic proteins. Methods for producing proteins and 
other substances in saliva may have to anficipate and prevent deleterious effects 
of this type. Among preferred methods in this regard are rapid process.ng of 
saliva the use of low temperatures that inhibit protease activity and or decrease 
degradation of transgene products in saliva, and the use of protease inhibtors 
and/or inhibitors of other substances that may be present in saUva that 
deleteriously affect polypeptides and/or proteins and/or other substances of 
interest produced therein in transgenic animals in accordance with the invent,™ 
herein described. Specific inhibitors that may be useful in this regard are well 
Known to those of skill, and are widely available from commercial reagent 
suppliers such as Sigma Chemical Company. Similarly useful in this regard are 
stabilizers that may be employed to improve the yield of substances from 
transgenic saliva produced in accordance with the invention. 

pg .K,n PpnPFRTlE S ™ P°"T™ S PROP' 'CFO FROM SAUV* 
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l„ preferred embodiments of the invention methods are used for isolation 
and purification of polypeptides and/or proteins that provide a high yield of intact 
active protein. Particularly, preferred embodiments o, the invenbon ,n th,s regard 
include those that provide preparations that have a high percentage of prefer, 
having the aforementioned one or more activities, especially bioacUvrt.es, 
par.icu.arly those with preferred degrees of specific activities, as recited elsewhere 

here ' n in preferred embodiments of the invention in this regard, the methods 
provide polypeptides and/or proteins in satisfacto^. desired yield, purity and 
quality and at cost sufficiently low for commercially advantageous and/or 
economically viable transgenic production. Methods of particularly preferred 

embodiments of the invention in this regard provide yields that are better than 
those previously achieved by other methods, erther as to concen.rat.on. total 
amount of polypepfide and/or protein obtained, activity, and/or specific acfivrty 
and/or homogenerty, including homogeneity of activity, and/or specfic act,v ty 
physiological activity, general or specific post-translationa, modified, .nclud.ng 
but not limited to 7 -carboxylation and glycosylate, as appropriate for a g,ven 

polypeptide and/or protein, a combination of one or more of any of the foregomg. 

proteolytic processing and/or activation, among others. 

Saliva of transgenic non-human mammals in preferred embod.ments of the 

invention in this regard have yields of the pure polypeptide and/or protein in the 

range of 1 ng/ml to 5 mg/ml. and in some cases more than that. 

ACTION OF PR O ~'"« 'CEP IN PRFCURSQR FOR M 

,n some preferred embodiments of the invention transgenic proteins and/or 
polypeptides are produced in transgenic organisms in an inactive form (referred 
to herein as a "proactive" form and/or, as to biological activity, "a prob.oacfive 
form) to an active form (referred to herein as an "active" form and/or, as to 
biological activity, a "bioactive" form). 

Activation in this regard preferably is carried out in accordance wrth th» 
aspect of the invention after isolation of the transgenic polypeptide and/or protem 
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from the organism. It may be carried out at any stage of purification thereafter 
ind uding ai :any time from immediate isolation to the point of enri-use regu.nng trie 
activfty in question of the transgenic poiypeptide and/or protein >n ,ts aCve fornv 

One method of activation in this regard involves proteose cieavage of the 
proactive form of the poiypeptides and/or proteins. The cleavage site for 
activation in such methods may be one or more naturally occurring srtes for 
activation in the polypeptides and/or proteins, or ft may be one or more drffa^nt 
sites such as sites introduced for this purpose or sfies utilized by cleavage agents 
that do no. ordinarily act on the polypeptide and/or protein. I. cleavage a. more 
tnan one site is involved, the agents for cieavage at each site may be the same or 
may be deferent, and the different sites may be cleaved in a single paction or ,n 
two or more successive reactions that occurand/or can be controlled and,oca 

be carried out independenfiy of one another. Such cleavage may be earned out 
using one or more proteolytic enzymes, including those that nature ,y cleave the 
polypeptide and/or protein during physiological processes and/or hose ,hat do n 0t 
ordinarily cleave the poiypeptide and/or protein, inciuding triose that have been 
engineered into the transgenic product. Activation by cleavage also may be 
accomplished by chemical methods, among others. 

Among preferred enzymatic activation methods are those triat use Factor 
Xa Useful methods in this regard are described in, among others. Rosing ef a/.. 
j Biol. Chem. 2610): 4224^228 (1986); Krishnaswamy et a/., J. B,olChem. 
261(19): 8977-8984 (1986); Boscovic ef a/., J. Bio!. Chew. 2§5(18): 10497- 
So506 (1990); Tans ef a,., , B/o,. Chem. 266(32, 21864-2873 (1991 ; T.burg 
e( a/ J. Biol. Chem. 266.(6): 4017-4022 (1991; and Walker et a/„ J. B,ol. Chem. 
269(44V 27441-227450 (1994) each of which is incorporated herein by reference 
i^s entirety in parts pertinent to activation of proactive polypeptides and/or 
proteins by Factor Xa cleavage. 

Also among preferred enzymatic activation methods in th,s regard are 
, h0 se that use venom proteases. Methods usefu. in this regard 
among otriers, Franza ef a/., J. B/o/. Chem. 250(7): 7057-7068 (1965) and Rhee e< 
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a, Btootomtty ft 3437-3443 (1982) each of which is incorporated herein by 

reference in its entirety in parts pertinent to activation of transgenic prote.ns and/or 

polypeptides by cleavage with venoms. 

Further among preferred enzymatic activation methods are those that 

utilize endogenous enzymes, such as activating enzymes that occur in 

Chemical methods that can be used for activation in accordance wrth some 
aspects and embodiments of the present invention in this regard are preferred for 
large scale preparations; although, enzymatic methods also may be used for large 
scale processes (and ohemica, methods can be used for small P« ns > 
Among highly particularly preferred chemical activation methods useful ,n certa.n 
as acts and embodiments of the invention are sodium citrate ac va on 
methods. Methods for sodium citrate activation useful in this regard are des n ed 
in, among others, Seegers a, a,., B,ood 5: 421-433 (1950), Heldebrandt el a,. J. 
Bio,. Cham. 248(10): 3642-3652 (1973) and PROTHROMBIN AND OTHER 
PROTEINS Vols I and II, Seegers and Walz, Eds., CRC Press, Boca Raton FL 
(1966) especially in this regard Vol. I, Chapter 9, Seegers. ****** and Factor 
X Ac«va«on in 25% Sodium Citrate Soiution and Mated Phenomena, 95-101 , 
each of which is incorporated herein by reference in its entirety in parts pertinent 
to activation of transgenic proteins and/or polypeptides in accordance w,th thus 
aspect of the invention. Another chemical activation method useful in th,s regard 

protamine, particular protamine sulfate. Protamine activation method, ; u ef u 
h ,s regard are described in MiUer. An, N.V. Acad. Sc/. 370 336-342(1 81 « 
is incorporated herein by reference in » entirety in parts pertinent to activation of 
proactive polypeptides and/or proteins by protamines. Yet another preferred 
chemical activation method useful in this regard is activation using polylysine^ 
Polylysine activation methods usefui in this regard are described ,n Miller, J. Biol 
Chem 236- 63-64 (1960) which is incorporated herein by reference in its entirety 
in parts pertinent to activation of transgenic polypeptides and/or proteins by 
polylysine in accordance with this aspect of the invention. 
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ACTIVITY ASSAYS 

Characteristic activities of many polypeptides and/or protems and/or other 
substances produced in transgenic sa.iva in accordance with the present invention 
general can be measured by one or more standard assays routinely employed 
lr me purposes and we,, Known to those o, ski,, in the art. In genera,, any assay 
known to the art for detecting and/or characterizing and/or measunng 
quantitative.yan activity of a poiypeptlde and,or protein and/or other substance 
Jsuch as a natura.iy occurring, recombinant* produced, or transgen,c,y produced 

sufficiently simiiar) polypeptide and/or protein and/or other substance produce* ,n 
sa,iva o, a transgenic anima, in accordance with the present ,nven„on. Among 
assays of activities usefu, in this regard, particular* as to certain aspects and 
preferred embodiments of the invention relating to, Mr* preferred 

protein interaction assays, membrane binding assays, chromogemc, flu—, 
and radiometric enzyme activity assays, inCuding co-factor dependent, In- 
dependent and/or membrane^ependent enzyme assays. 

For instance, standard assays routinely employed in research. d,n.ca 
,aboratories and manufacturing quality centre, procedures for detecting and/or 
characterizing and/or measuring activities of b,ood proteins in research patient 
and manufacturing process samples can be used as we,, to ^nd/or 
characterize and/or measure guanti.aflve,y the same activities o, blood prote.ns 
produced in transgenic saliva. Thus, for example, the standard APTT assay, 
ELISA assay and chromogenlc assay of amidolytic activity used to measure 
amidolytic activities of prothrombin and thrombin in research and cl.mcal 
laboratories a,so can be used to determine amidolytic activities of prothromb.n and 
" thrombin produced in and purified from transgenic sal.va. 

For quantitative determinations of activKy. preferably, a reference standard 
preparation is used to accurately quantify amounts and activities. Standard 
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preparations suitable .0 mis purpose often are available, 
Ignificant substances. Thus, generally. suitable standards are ava able fo 
^Ins of clinical re,evance. such as. thrombin, prothrombin and ft nno e . 
Standards used by ciinica, laboratories, such as those from «n*^«£»- 
of clinical laboratory reagents of this type, are suitable In th,s regard A p enned 
source of reference standard preparations, when available, ,s the N.H JH° 
th eATCC.other non-commercial recognized standards-setbng organs, ons^and 
Imercia, venders of standard preparations established by such orga— 
and/or standard preparations calibrated by comparison to the establrshed 

standard preparations. 

For instance, amidolytic activity of prothrombin ,n a sample can be 
determined using a chromogenic substrate and colorimetric assay routinely 
employed in clinical diagnostic laboratories, as described in US patent No. 
5 811.279. which is incorporated by reference herein in its entirety ,n parts 
pertinenttoassayofprothrombinandthrombin activities. In brief. ,n accordance 
with the standard clinical laboratory procedure, amidolytic act,v,ty of the 
prothrombin sample is determined asfoilows. Prothrombin is -™rtedt° 
thrombin, and amidolytic activKy thus activated, by incubating he prothrom n 
sample a. 25'C with Factor X a. a concentration of 120.5 mpg/m. Factor X m 
mM EDTA and PEG 4,000, pH 7.4. Amidolylic activity then is determmed by 
incubating the activated sample with S-2238 (a chromogenic subsftate for 
amidolyac activity). The amount of color generated in the assay ,nd,c^e 
amount of amidolytic activity in the sample. For quantise eshmaftons, sena, 
dZns of each sample general* are performed alongside serial dilutes of a 
2 characterized reference preparation of Known prothrombin concentre on and 
activity preferably a reference preparation calibrated relative to an accepted 

aLy in the transgenic product can be expressed in standard relahve unfa and 
specific activity. 
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Clotting assays also may be used to characterize the activities of clotting- 
reiated proteins and/or polypeptides produced in transgenic saliva in accordance 
with the present invention, such as prothrombin and/or thrombin, dotting activrty 
can be measured by a variety of conventional methods, such as descnbed ,n US 
patent No 5.445,958, which is incorporated herein by reference in its entirety ,n 
parts relating to measuring the activities of thrombin and prothrombin in this and 
other respects. Unitage of the clotting activity determined by such assays 
preferably is defined in terms of a Working Standard, such as, for illustrative 
example. Working Standard 87/532, calibrated against the 1st International 
Standard for Factors. Use of accepted calibrated standards advantageously 
allows comparison of different assays to one another. 

The amounts of polypeptides and/or proteins of the present invention can 
be measured by a variety of well known methods that are routinely used for the 
purpose by those of skill in the pertinent arts, many of which employ antibod.es or 
antibody-derived or other immuno-reagents that are useful antigen-determimng 
reagents i.e., reagents that bind with sufficient specificaliy and av,d,ty to 
discriminate by their binding the target antigen from other constituents ,n a 
sample. Analytical techniques of this type for measuring the amount of a 
polypeptide and/or protein of the invention can be carried out in solution by so„d 
phase ELISA, using ge. electrophoresis, by Western blotting, by methods the 
utilize HPLC and by a variety of other methods using one or more of many other 
commonly employed separation techniques. Such techniques are well known and 
routinely employed by those of skill in the art, who will understand the,r 
advantageous applications to determinations useful in the present invention. 

Many methods for measuring and characterizing transgenic products .n 
accordance with the invention herein disclosed wiii employ we., characterized 
preparations of the product as reference standards of mass, concentration, size, 
structure and/or activity. Methods for making appropriate reference preparations 
for this purpose generally are specific to the particular product of interest; but, a 
variety of such techniques generally are well known for each transgenic product 
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and. for many of .he polypeptides and/or proteins, as we,, as other products 
nighiy purified and we,, charaoterized standards are avaiiahie from commero^ 

sources and,or non-profit researoh organfcations and, in many oases, receded 
standards setting organizations. 

For instance, human prothrombin (Factor ,,) prepared from fresh frozen 
Human P ,asma is avai,ah,e in 20 m M Tris-HC/0.1 M NaC/1 mM Benzam,d,ne/ P H 
7 4 as a homogeneous preparation (as Judged by 10% SDS-PAGE geis) that 
shows no reduction upon incubation with 2- mercaptoethano,. havmg an Extinction 
Coefficient (1%) of 13.6. a specie activity of 1 unit / 90 «. and a molecular 
weight of 72,000 daitons. As another exampie. human thrombin (Factor .la) 
prepared from homogeneous human prothrombin by activation wrth Factor Xa, 
Factor Va. and phosphofipid is avaiiable as a homogeneous preparation (as . 
iud ged by 10% SDS-PAGE ge, electrophoresis) with a minimum activrty of 2,700 
N,H unfts/mg compared to NIH standard reference preparation of the prote.n. The 

6 5 with an Extinction Coefficient (1 %) of 18.3, and a molecular we.ght of 37.000 
daltons A variety of other reagents and standards useful for determining the 
lunts and activifies of this protein are we,. k nown and widely ava = e, 
lummm} m of Proibns Pn OB 'rrn TRANSg£Ni£] v From Sauva 
The transgenic animals, compositions and substances, inter aim. 
produced by and in accordance with the invention have many uses, including the 
production of proteins - and the transgenic proteins thus produced - 
Cinica, and non-Oinica, appiioations. Among preferred uses 
elinica, and veterinary uses, par.icu.arly as to certain po,ypept,des and/or pn>te,ns 
of preferred embodimen.s of .he inventions set out above. Among cl,n,ca»y 
important preferred applications in this regard are uses of certain preferred 
p o,y P e P t,des and/or proteins of the invention. particu,ar,y prothromb.n and 
thrombin, and fibrinogen to promote hemostasia to improve anastomoses, to 
contro, hemorrhage, to achieve good hemostas,s on bone defects, to sea I v _*r 
prostheses, .o seal lesions and s.umps. .o treat pleurodesis. to Cose fistulas, to 
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seal membranes, in procedures to extract stones and to prevent or reduce 

out for instance, in PROTHROMBIN AND OTHER VITAMIN K PROTEINS Vols 
and I. Seegers and Walz, Eds.. CRC Press. Boca Raton. FL (1986) wh.ch ,s 
incorporated herein by reference in fis entirety, as to the foregoing parficularly.n 
parts pertinent to uses of prothrombin, thrombin and fibrinogen, especally ,n th,s 
regard Vol. II, Chapter 7, Deutsch, The Cfin/ca/ Use of Thrombin, 92-103. 

Particulariy preferred embodiments in this regard especially relate to uses 
,o promote hemostasia per se. Among a wide variety of such uses preferred 
embodiments relate to using transgenic saliva-produced probioactive 
(e g prothrombin) and/or bioactive thrombin and/or probioactive fibrinogen and/or 
bioactive active fibrinogen (and/or related proteins) in accordance with the 
invention to promote hemostasia in animals and/or humans, particularly at, to 
name just a few types of sites and wounds, lacerations and other wounds s,tes of 
organ rupture. s«es o, bleeding during surgery, bum sites, sites of traumatic »„ 
surgical sfies such as partial resections, including partial brain resecfions, bleeding 
biopsies, sites of tumor extirpation, including tumors from parenchymatous organs 
such as liver, spleen, pancreas, kidney, braih and prostate gland among others, 
sites of donations of skin grafts, sites of skin grafts, extraction of teeth sites, nose 
bleeding, sinus bleeding, bleeding in or near bones, gastrointestinal bieed.ng. and 
conjunctival wounds. 

In this regard, preferred embodiments relate to uses of polypepfides 
and/or proteins of the invention, particulariy prothrombin and thrombin, to promote 
anastomoses, particu,ariy and to, among other things, tighten classically sutured 
anastomoses, to reduce the number of sutures in. for example, anastomoses o 
intestines, small vessels, maxil.o-facia, vessels and extracranial anastomoses to 
prevent kinking of arterial grafts, and to promote the combination of nerve end.ngs. 

to name but a few. .. . e 

,n this regard further preferred embodiments relate to uses of polypepfides 
and/or of the invention, such as fibrinogen in particular, produced from transgenic 
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saliva to promote hemostasia in surgery and wounds assooiated with trauma, 
particulariy wounds in civilian and military personnel that result from warfare. 
Particularly highly preferred embodiments in this regard relate to uses of 
polypeptides and/or proteins of the invention produced transgenic* from sahva. 
particulariy fibrinogen, especially human fibrinogen, including as well fibrinogen- 
related polypeptides and/or proteins, including among others: muteins. mm- 
proteins, truncated polypeptides and/or proteins, hybrid proteins, fusron 
polypeptides, and the like, such as these and other fibrinogen-related polyposes 
and/or proteins derived from a fibrinogen or a gene encoding a fibrinogen by such 
methods as in vitro mutagenesis, cloning and recombination, enzymafic or 
chemical cleavage and/or modification and the like. Fibrinogen-related 
polypeptides and/or proteins in this regard have, in pertinent parts, a high degree 
of amino acid sequence homology and/or DNA sequence identity to a fibnnogen or 
a gene for a fibrinogen, respectively, and that have characteristics and functions of 
fibrinogen. The aforementioned fibrinogen and fibrinogen-related polyposes 
and/or proteins in accordance with certain preferred embodiments of the invent™ 
are useful to stop and/or control and/or prevent bleeding, particularly as active 
ingredients in creams, .otiona. pastes, salves, liquids, "glues." especially fibnn 
g ,ues, and other compositions and/or formulations to stop and/or control and/or 
prevent bleeding, and in bandages, gauzes, swabs, applicator packs and other 
articles of manufacture and/or devices for administering, applying, maintains 
covering, working with, protecting, and/or removing creams, lotions, pastes, salves, 
liquids, glues and other compositions and/or formulations that conta.n the 
aforementioned fibrinogen and related polypeptides and/or proteins intended for 
use to stop and/or control and/or prevent bleeding. 

The present invention is further described by reference to the followmg 
examples which are provided by way of illustration on.y and do not themselves 
depict in their particulars or in any general fashion limitations of the present 
invention. 
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EXAMPLES 



EXAMPLE 1 CONSTRUCTION OF *™ TRANSGENIC 

Pm ypeptides in Saliva 
As illustrated below, DMAs, vectors and expression constructs for use in 
accordance with the invention can be made using standard 
techniques, such as those set forth In MOLECULAR CLONING, A LABORATORY 
MANUAL Vol. 1 - 3, Sambrook et a/.. Cold Spring Harbor Press (1989), wh,ch • 
incorporated herein by reference in its entirety in particular in parts pertinent to 
making and manipulating genetic material, including polynucleotides, for makmg 
and using transgenic animals in accordance with various aspects and 
embodiments of the invention herein disclosed. 

Constructs for transgenic expression of one or more genes, and for 
production specifically in saliva of one or more polypeptides and/or proteins and/or 
other substances engendered by expression of the transgene can be made read.ly 
using recombinant DNA techniques such as those described in the above- 
mentioned manual. Typically, the constructs are comprised of three or four 
functional elements. 

(A) DNA containing c/s-acting expression signals effective for transcnpt,on 
in salivary gland cells. Preferably, the DNA contains expression control senate 
effective for efficient transcription in parotid gland cells and/or other major salary 
g ,ands that secret relatively large amounts of polypeptides and/or proteins and/or 
other substances into saliva. Typically, but not always, the expression regulatory 
regions will be those of a polypeptide and/or protein that is expressed, preferably 
continuously, a. high levels in cells of major salivary giands, preferably parpbd 
glands, and naturally is present at high levels in saliva. The DNA often wrll be 
modified to ensure operativity, to facilitate joining the control regions to other 
eiements of the expression construct, and/or to vector DNA. to incorporate or 
eliminate sites for amplification by PCR and/or other methods, and to facktate 
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subsequent manipulations in making the construct, and isolating DNA for making 
transgenic organisms (among other things). 

(B) A cDNA or genomic DNA encoding (i) a polypeptide and/or protem to 
be expressed, in particular, in salivary gland cel.s, and (ii) a region encoding an 
operable secretion signal effective to direct secretion of the polypeptide and/or 
protein into the duct of the gland and into saliva. The secretion signal may be 
endogenous to the polypeptide and/or protein to be expressed, or it may be 
heterologous thereto. As disclosed elsewhere herein in greater detail, the 
polypeptide and/or protein in certain preferred embodiments of the presently 
disclosed invention is, among others, fibrinogen or thrombin, particular* human 
fibrinogen or human thrombin. The salivary gland cells in certain preferred 
embodiments of the invention, as disclosed further elsewhere herein, are cells of a 
parotid gland. 

(C) Termination and 3' regulatory sequences, in particular a 
polyadenylation signal effective for polyadenylation of the primary transcript ,n 
parotid gland cells. An SV40 polyadenylation signal is preferred ,n some 
embodiments of the invention, in others a polyadenylation signal of an endogenous 
gene highly expressed in salivary gland cells is preferred. 

The elements A, B and C set out above, may. in practice, occur ,n two 
fragments of DNA, or three fragments, or more or less fragments. Whatever 
number of such fragments, and/or intermediates in the process of makmg the 
construct, the elements are joined in operable linkage effective for salivary gland 
specific expression and saliva-specific expression of the desired polypept.de 
and/or protein in a DNA construct suitable for transgenesis, generally usmg 
standard molecular biology techniques, such as those described in the above- 
referenced laboratory manual. 

EXAMPLE 2 °— SE DN A" E2B u™™"*™" «™ <=™* nR S MBRY0S 

A plasmid vector containing a genetic construct of Example 1 is cloned 
and propagated in E. «* Vector DNA is isolated from the £. co» cultures by 
standard methods of lysis and precipitation, as described for instance in the 
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aforementioned Moratory manual. The expression construct then is prepared for 
microinjection using state of the art procedures, such as those described ,n the 
aforementioned manual and in references discussed in this regard elsewhere 
herein, as fo.lows. A linear DNA comprising the expression construct is prepared 
from the plasmid vector by restriction enzyme cleavage or, in some cases, by PGR. 
The expression construct-containing DNA is separated from other DNA by 
agarose ge. electrophoresis. The separated DNAs are visualized in the gel by 
fluorescence when electrophoresis is complete. Their sizes of the separated 
DNAs are determined from their migration distances in the gel using a standard 
curve based on migration distances of DNAs of known size resolved in the same 
gel The expression construct is identified by its size and then excised from the 
ge, free from other DNA. The expression construct-containing DNA is isolated 
from the excised agarose by electrocution, and recovered in a small volume of 
elution buffer. The solution containing the fragment is brought to 10 mM 
magnesium, 20 mM EDTA and 0.1% SDS and then is extracted with 
phenol/chloroform. The DNA thereafter is precipitated from the aqueous layer wrth 
2 5 volumes of ethanol in the presence of 0.3 M sodium acetate at -20° C 
overnight. After centrifugation, the pellet is washed with 70% ethanol, dried, and 
suspended in sterile distilled water. The DNA then is further purified by sucrose 
gradient centrifugation using standard procedures. DNA concentrations are 
determined by agarose ge. electrophoresis by staining with ethidium bromide and 
comparing the fluorescent intensity of an aliquot of the DNA with the intensfly of 
standards. Samples are adjusted to 10 M /ml and stored at -20- C prior to 
microinjection. Standard protocols that can be used for gene preparer, in 
regard are set out in, for example, MOLECULAR CLONING, A LABORATORY 
MANUAL Vol. 1-3, Sambrook et el.. Cold Spring Harbor Press (1989) which is 
incorporated herein by reference particularly as to cloning, isolating, purifying and 
manipulating DNAs for microinjection in accordance with the invention herein 
described. 
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FXAMPLE 3 Tp&MRfiFNic ft MiMAt Production 
(1) Mice 

Transgenic mice are produced by pronuclear microinjection using 
standard techniques as described below. 

Glass needles for micro-injection are prepared using a micropipet puller 
and microforge. Injections are performed using a Nikon microscope having 
Hoffman Modulation Contrast optics, with micromanipulators and a pico-injector 
driven by N 2 (Narashigi). 

Fertilized mouse embryos are surgically removed from the oviducts of 
super-ovulated female CD-I mice and placed into M2 medium. Cumulus cells are 
removed from the embryos by treatment with 300 ng/ml hyaluronidase. The 
embryos are rinsed after treatment in fresh M2 medium, transferred into M16 
medium and stored at 37°C prior to injection. 

Female mice are made pseudo-pregnant by mating with vasectom.zed 
males DNA is injected into the male pronucleus of embryos prepared as 
described above. The injected embryos are implanted into avertin-anesthetized 
pseudo-pregnant recipient females. Emb^os are allowed to come to term and 
newborn mice are delivered. The newborn mice are analyzed for the presence 
and integration of the injected DNA. 
(2) Swine 

DNAs and injection equipment and supplies are prepared much the same 
as described for mice. Embryos are recovered from oviducts obtained from 
healthy female swine. They are placed into a 1.5 ml microfuge tube containing 
approximately 0.5 ml embryo transfer media (phosphate buffered saline ♦ 10 /, 
fetal calf serum, Gibco BRL) and oentrifuged for 12 minutes at 16.000 x g RCF 
(13 450 RPM) in a microcentrifuge (Allied Instruments, model 235C). The embryos 
are removed from the microfuge tube with a drawn and polished Pasteur pipette 
and placed into a 35 mm petri dish for examination. If the cytoplasm is still opaque 
with lipid such that pronuclei are not visible, the embryos are oentrifuged again for 
15 minutes. Embryos to be microinjected are placed into a microdrop of media 
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(approximately 100 uJ) in the center of the lid of a 100 mm petri dish. Paraffin o.l » 
used to cover the microdrop and fill the lid to prevent media from evaporating. The 
petri dish lid containing the embryos is set onto an inverted microscope (Carl 
Zeiss) equipped with both a heated stage and Hoffman Modulation Contrast opt.cs 
(200 x final magnification). A finely drawn (Kopf Vertical Pipette Puller, model 720) 
and polished (Narishige microforge, model MF-35) micropipette is used to stab.l.ze 
the embryos while about 1 - 2 picoliters of purified DNA solution containing 
approximately 200-500 copies of DNA construct is delivered into the male 
pronucleus with another finely drawn micropipette. Embryos surviving the 
microinjection process in good health, as judged by visual examination, are loaded 
into a polypropylene tube (2 mm ID) for transfer into a recipient pseudo pregnant 
female swine, which is carried out much as described above. 
(3) Cows, 

Bovine embryos are obtained and injected much as described above for 
mice and pigs, in accordance with the procedures for cows described in US patent 
number 6,140,552 which is incorporated herein by reference particularly in parts 
pertinent to microinjection of DMAs and other methods to produce transgenic 
bovine animals. 

EXAMPLE 4 Assessing C onstruct Integration 

Integration and/or alteration of host cell genomic content and/or 
organization to assess transgenesis and transgenic alterations is assessed by 
standard techniques as follows. 

(1) Pre paration of DNA from T issue Samples 
(2) From Tails and/or Ear Notch Samples 

A 5 mm piece of mouse tail is removed from each potentially transgenic 
mouse at weaning (3 weeks of age), minced, and treated with proteinase K and SDS at 37" 
C overnight. The mixture then is incubated with DNase-free RNase at 37° C for 1 -2 hours. 
In some cases the mixture is extracted extensively with phenol/chloroform. DNA is 
precipitated from the mixture with sodium acetate and ethanol at -20° C overnight, collected 
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by centrifugation, washed in 70% ethanol and then is dried. The dried DNA pellet is used 
directly for PCR. A similar procedure is used to prepare DNA from swine and bovme 
animals, except that DNA is isolated from ear notch tissue instead of tail. 
(2) From Saliva 

Alternatively, but less favorably in most cases, transgene insertion and 
integrity in animals is assessed by PCR using DNA prepared from saliva much as described 
by Irwin * al. (1996), Nature Biotechnology 14(9): 1146-1 148, which is incorporated 
herein by reference in its entirety particularly as to methods for using saliva to detect and 
analyze transgenesis in accordance with the invention. Although saliva based assay of 
transgenesis has significant disadvantages, it also has some positive features. Importantly, 
i, can be less stressful than alternatives that depend on invasive or surgical altemafives to 
obtain cells for analysis, and it can be repeated as many rimes as desired without negative 
effects on the animal. For the most part, the saliva based assay is carried out much the same 
as assays based on DNA from tail or ear notch samples, except that the DNA for analyse ,s 
prepared from saliva. Briefly, saliva is obtained from each mouse to be assessed for 
transgenesis by pipetting a small volume of dilution buffer into the oral cavity and then 
recovering the resulting solution back into the pipet tip. The sample is spotted onto DNA 
binding paper and, after washing, DNA on the paper is amplified by PCR. The amplified 
DNA is detected directly on the binding paper by hybridization and/or analyzed by gel 
electrophoresis, and purified as described above for DNA from tail and ear notch samples. 
(2) niiponucleoti H* pmhes for PCR assay 

Oligonucleotide pairs are used to prime polymerase chain reactions to detect 
constructs in the transgenic animals. Oligonucleotide pairs mat bridge the target are used to 
detect the exogenously-derived DNA integrated into cells of the transgenic orgamsms. 
Primer pairs that detect endogenous gine sequences but not the microinjected DNA are 
used as positive controls in the PCR assay. In particular, sets of primers are chosen based 
upon the sequence of the hybrid vector such that the PCR product incorporates both the 
promoter and structural gene elements of the transgene and thus distinguish it from 
naturally occurring genes that otherwise might be amplified, e.g.. as would be the case for 
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primers that hybridize to the structural gene alone when the sequences of the endogenous 
and exogenous structural genes are the same. 

( 3 ) PP.tt reaction renditions a H r rftHl,rt analvsls 

PCR reactions are performed using 40 cyeies in an automated temperature cycler 
(MJ Research). An annexing temperature of 58° C, a denaturation temperature of 94» C, 
and an extension temperature of 72- C. 1 00 ng of oligo primers and 5 .0 microgram of 
(genomic) template DNA are used per PCR reaction. Prodncts of the PCR reactions are 

tomolecularweight standards. The sizes are compared with the sues expected for the 
injected constructs to verify the presence of an intact expression construe, in the transgernc 
host. 

(4) p..„lt- nf PCR ?"»' y™ of transgenic animal s 
PCR analysis is performed as described immediately above reveals intact 
expression constructs in the DNA of some mice, pigs and cows drat deve.oped from the 
embryos microinjected with the expression constmct-containing DNA. me, transgenic 
animals containing an intact expression construct come of age, they are bred together. The 
offspring from these matings are examined for the presence of the intact transgene by the 
same PCR assay. Mendelian transmission of integrated transgenes is verified by PCR m 
several mice, pigs and cows. 

FX AMPLE 5 SAj 1VA COLLECTION - TRANSIENT 

F^in frequent, intermittent sampling, such as may be used to assess ontpnt of fine 
nansgene product and ensure that it is sufficiently continuous and constant to warrant 
continuous collection, saliva is collected using absorbent sponges or aspiration as set out 
herein above. 

EXAMPi££ P.. IVA COLLECTION ^CONTORJOUS 

^continuous collection of saliva tire device and procedures stated herein above 
M e used. Additives that are added to fire collection vessel, where and when approbate 
such as for .on g -,erm collection, include EDTA, heparin, protease inhibitors, sans and other 
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^uno.ogical methods such as ELISA assays often can be used to measure .he 
m „, of a transgenic product in saliva. ELISAs that use monoclone! antihod.es or 

reagents, ELISAs in this regard are essentially the same and canhe carried outustng 
procedures like those described below. 

A norma, non-transgenic bovine anima. is used for control saliva samples. A 
seriesof concentration standards ranging from 1 ng/ml.o 1 mg/m! is prepared by sp.kmg a 

^ asdescribedingreaterdetailbelow. The concentration of me pro.emm he 

those for the standards. 

Microtitcr plate wells are coated overnight at 4° C with 3 ,g/m. of a monoc.ona! 

745) Theymenareblockedwith400plperwellof 1 %BSAmPBSforlhourat37C. 
Thereafter me wells are washed withTET buffer five times. 100 pi of sample or control 

with various amounts of a reference preparation of me transgenic product, to prov.de a 
calibration curve for interpolating the ELISA assay results from the transgenic samples. 

■ « the immobilize* antibodies, The wells then are washed five times with TET buffer. 
pro duc,isdiluted. : l,000in0,%BSA OT T,100p 1 ofmedi,u te dHRPcon J ^te,add^ 

the incubation, the conjugate-containing solution is remover) from the wells. The wells are 
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washed 5 times with TET buffer. Then .00 plot as.cc, so.utionof orftophenyldiamme 
(OPD)is added to each wel.. CThe stock solution is made by dissolving one tabletofOPD 
in 20 mi of 0.1 M citrate-phosphatebnffer, P H 5.0.) The OPD solution is incubated mfte 
wells for lOminutes a. room temperature and men the reaction is stopped by addmg 1 N 
sulfuric acid. The extent of.be reaction is determined by measuring optica, absorption of 
the acidified OPD solution in each well at 490 nm. 

Fiduciary curves are developed for the EL1SA assay using a standard reference 
preparationof.be product The eonc.rdration of me product in the ttansgenic saltva 
samples is interpolated from the fiduciary curves. Saliva from norma, non-transgemc 
animals and/or animals transgenic for outer producs are used for negative controls. 
FX AMPLE 8 S17.E ASgAY 

(A) SSkE! .F.CTRO PHORESIS 

Saliva samp.es are prepared for ge. electrophoresis and western blotting by 
standard techniques. Molecular weights of proteins in saliva samples are determmed by 

cross .inking of tire gels is that of well established methods for resolving the polypeptides 
and/or proteins of interest in the saliva samp.es. The saHva samples are ana.yzedm.be gels 
a,ongside (1) a blank control from a non-ttansgenic animal and/or a comparable amtnal 
transgenic for an unrelated DNA, (2) contiol saliva con.aining an appropriate amountofa 
standard reference preparation of me polypeptide and/or protein of interest, turd (3) 
m olecular weigh, markers. For quantitative determinations, a fiduciary concentration sertes 
of the s,andard is run alongside fte saliva samples from ft. transgenic animals. Several 
dilutions of saliva samples are run on some gels for greater quantitative accuracy, 

For relatively high pmtein loadings, fte gels are s.ainedwiftCoomass.eBlue. For 

relatively low protein loadings, the gels are stained*ift silver stein. The proteins thus 
visualized in the transgenic samples are compared wift fte blank control sample, the 
samples containing fte reference preparation, and .he molecular weigh, sttmdards. The 
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absence or the presence of the protein in the transgenic saliva and/or its size and/or its 
concentration in the saliva is estimated therefrom. 

(B) WpcTBDURimTING 

Proteins separated by size in SDS gels as set out above are transferred onto filter 
membranes for Western blotting. The filter membranes are processed by standard 
techniques, and incubated with primary antibody that binds to the protein of interest. 
Thereafter, the bound antibody is detected much the same as for the above-descnbed 
EUSA. fit brief: unbound antibody is washed away, the filter membrane is incubated wtth 
secondary antibody-enzyme conjugate, unbound conjugate is removed, and polypept.de, of 
fte protein of interest that bind the primary antibody (or antibody mixture) are visnahzed by 
ehromogenic reaction of the filter-bound enzyme conjugate. The presence (or absence) 
and/or the molecular weight(s) and/or the integrity and/or the amount of the protem of 
interest in the transgenic saliva are estimated by comparing the bands of the transgeme 
saliva samples with those of the controls and standards. 

EXAMPLE 9 &SgAYOF POST T ° ATIONAL MODIFICATION 

Proteins are isolated from saliva samples and subjected to carbohydrate 
compositional analysis for Fucose, Gal NAc, Glc, NAc, Galactose, Mannose and Sialic 
Acid by HPLC as described by Denman et al. (1 991): Hm/Te^lom 9: 839-843. 

GLA-specific ELBA is used to determine GLA modification of proteins 
transgenieally expressed in saliva, in much the same manner as the EUSAs described 
above Fiduciary cures for these assays can be prepared by spiking non-transgemc, normal 
saliva spiked with varying concentrations of a reference preparation of known GLA content, 
and assaying these samples by the same procedure as the test samples. A mutein lackrng 
Gla regions can be used as a negative control in the assay. Gla-less control samples, 
normal, nontransgenic reference samples and saliva samples are all analyzed by the same 
methods. Samples are loaded in 25 mM EDTA onto immunoafflnity colnmns specrfic for 
• GLA. Unbound material is washed away and the columns then are treated with several 
washes of 25 mM CaCh. Extraneous material is removed in the buffer wash, GLA 
containing protein is eluted in 25 mM CaCl, and GLA-less material remains bound to the 
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column even in the presence of the 25 mM CaCl 2 . Material eluting in each wash is 

collected and assayed by ELISA using a GLA-specific antibody as described above. 
Assays for other post-translational modifications, including amidation, 

phosphorylation, ADP-ribosylation, lipidation and acetylation are carried out using similar 

well known and accepted procedures. 

EXAMPLE 10 AMinoLYTic Activity Assay 

20 uL of sample or control is mixed with 80 uL of lug/ml snake venom 
activator20 mM Tris HC1, 1 50 mM NaCl, 0.2% NaAzide, P H 7.4 ("activation buffer"). The 
mixture is incubated at 37 °C for one hour. 100 uL of 0.25 mM thrombin chromogemc 
substrate is then added and the color is allowed to proceed for 1 to 3 hours. Absorbency at 
450 nm is determined and the activity of each sample is determined by interpolation using a 
reference curve based on human plasma prothrombin diluted in activation buffer. The 
amidolytic activity assays are carried out in accordance with the procedures disclosed in US 
patent No. 5,476,777 to Holly et al, Methods for producing thrombin, particularly at 
column 28, lines 33 et sea. in particular, which is incorporated herein by reference in its 
entirety in parts pertinent to the foregoing description of thrombotic amidolytic activity 



assay. 

EXAMPLE 11 PpnniTCTnCINlNOF^nrr^OMWN INSMlVft OF TRANSGENIC COWS 
Prothrombin and thrombin 

Prothrombin (also called Factor H and F2) is a circulating blood protein. 
At sites of injury it is converted to thrombin by other factors of the coagulation cascade. 
Thrombin catalyzes the conversion of fibrinogen to fibrin, and the formation and cross- 
linking of fibrin clots. Prothrombin thus provides a distributed reservoir of pro-coagulant 
activity that can be converted immediately at injury sites to initiate clot formation, staunch 
bleeding and stimulate immune and healing responses. (For a review see PROTHROMBIN 
AND OTHER VITAMIN K PROTEINS Vols I and H, Seegers and Walz, Eds., CRC Press, 
Boca Raton, FL (1986) which is incorporated herein by reference in its entirety, particularly 
parts pertinent to prothrombin structure, modification, activity, production, purification, 
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physiological activity, functions and effects, and uses including clinical and non-clinical 
uses.) 

Human prothrombin is fairly typical of mammalian prothrombins. It is a single 
chain protein. It contains a pro peptide, a gla domain, two kringle regions, an A chain and a 
serine protease domain. It also contains two sites for cleavage by factor Xa. Prothrombin 
is activated to thrombin by a series of proteolytic cleavages. The circulating single chain 
zymogen is activated by Factor Xa complex, which cleaves prothrombin at two sites. 
Cleavage at the first site liberates a fragment containing the gla domain and the two kringle 
regions. This N-terminal fragment, referred to as Fragment 1.2, contains the moieties 
responsible for calcium bridge formation and for the interaction of prothrombin with Factor 
V The C-terminal fragment, referred to as Prethrombin 2, is the immediate, thrombotically 
inactive precursor of thrombin. Prethrombin 2 is activated by the second cleavage by Factor 
Xa complex. The second cleavage splits Prethrombin 2 into two chains linked by disulfide 
bonds. The disulfide-linked two-chain molecule is active thrombin. (See, for instance, 
pages 514-516 in TEXTBOOK OF HEMATOLOGY, 2nd Edition, Shirlyn B. McKenzie, 
William & Wilkins, Baltimore (1996) which is herein incorporated herein by reference in 
parts pertinent to thrombin and prothrombin.) 

Prothrombin and thrombin exhibit a variety of post-translational modifications. 
Many of the modifications regulate activities of the proteins and are important to their 
physiological functions. Important modifications include proteolytic processing, as 
described above, glycosylation and glutamic acid y-carboxylation as discussed further 
below. Human and bovine prothrombin, for instance, are y-carboxylated at glutamic acid 
residues 7, 8, 15, 17, 20, 21, 26, 27, 30 and 33 by a series of vitamin K-dependent enzyme 
reactions. Mouse and rat have the same sites for glutamic acid carboxylation and likely 
exhibit the same pattern of Y -carboxylation. (See for instance Degen, Seminars in 
Thrombosis and Hemostasis 18(2): 230-242 (1992) which is incorporated herein by 
reference in its entirety, particularly as to the foregoing in parts pertinent to y-carboxylation 
of prothrombins.) Gamma-carboxylation of some of the residues is required for calcium- 
dependent membrane binding and thus plays an important role in localizing prothrombin at 
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sites of injury. Gamma carboxylase of other glutamic acid residues modulates iuteraetion 
and complex formation of prothrombin with outer vitamin K-dependen« coagulation factors. 
Physiologically, particularly in humans, it appears that complete-carboxy.ation is requued 
for activation and conversation of prothrombin to thrombin. Notably, die extent of y- 
carboxylation of prothrombin varies markedly from one preparation to another, even for 
preparations made in the same system according to the same protocol. Although 
physiological activation of prothrombin requires complete y-carboxylation, it » not 
necessary for thrombin activity. In fact, all the sites for prothrombin y-carboxyla«ion occur 
in a relatively small region, called the -gla domain," near the carboxyl terminus. Proteolytic 
cleavage during activation separates the entire gla domain from the regions of prothrombm 
that form thrombin and, as a result, there are no carboxylation sites in thrombm. Since 
active thrombin does not require y-carboxylation it can be derived by chemical and other 
cleavage methods from prothrombin with or without y-carboxylation. 

Prothrombin also is glycosylated. Human prothrombin contains three sites for re- 
linked glycosylate: Asn-79, Asn-101 and Asn-378. An additional site, Asn-I^u-Ser a. 
Asn-165, matches the consensus Asn-X-Ser/Thr sequence of N-.inked glycosylate but, 
does no. appear to be glycosylated in human prothrombin. Bovine prothrombin is similar.y 
gly cosylated a. three sites. Two of the bovine sites, Asn-101 and Asn-378, are the same as 
human prothrombin; but, the third site in bovine prothrombin is Asn-77 rafter titan Asn-79. 
Mouse prothrombin has five sites for N-linked glycosylate: Asn-79, Asn-101, Asn-165, 
Asn-378 and Asn-518. Rat prothrombin also has five sites. Four are identical to mouse; 
but one is different: Asn 79 rather than 77. The mouse and rat sites at Asn-165, analogous 
,o the human site, probably are no, glycosylated. The extent antitypes of glycosylate 
observed at these sites varies considerably in all organisms in which it has been studied. 
(For instance see Degen, Seminars in Thrombosis and Hemosiasis 18(2): 230-242 (1992) 
which is incorporated herein by reference in its entirety, as to the foregoing particular., w,ft 
regard to gl ycosylation of proftrombins.) Glyeosylation plays an important role in activity 
and physiological function and effects of proftrombin. Generally, giycosylation can affect 
enzymatic activity, substrate preferences, binding to cefaclors and other moieties, complex 
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formation, thermal stability, resistance to proteases and physiological persistence among 
otherthings. (For instance see PROTHROMBIN AND OTHER VITAMIN K PROTEINS 
Vols I and n, Seegers and Walz, Eds., CRC Press, Boca Raton, FL (1986) which is 
incorporated herein by reference in its entirety, as to the foregoing particularly in parts 
pertinent to glycosylate of prothrombin, especially in this regard Vol. 1, Chapter 8, 
Kobata and Mizuochi, Current Status of Carbohydrate Constituents and Prospects, 81-94.) 

Currently, there is no entirely satisfactory way to produce prothrombin and/or 
thrombin that is commercially advantageous and/or economically viable. The following 
example illustrates the invention in this regard as to the production of prothrombin and/or 
thrombin in the saliva of transgenic ruminant mammals, cows in particular. 
(1) tvma Constructs 

DNAs, vectors and expression constructs for use in expressing prothrombin and/or 
thrombin in saliva of transgenic cows in accordance with the invention can be made as 
described above using standard recombinant DNA techniques, such as those set forth in 
MOLECULAR CLONING, A LABORATORY MANUAL, Vol. 1 - 3, Sambrook et al, 
Cold Spring Harbor Press (1989), which is incorporated herein by reference in its entirety. 
Using such methods, the exacting expression signals of genes for proteins that occur in 
high abundance in salivary gland cells and/or saliva are operatively fused to DNAs 
encoding human prothrombin for introduction into and expression in transgenic cows. 

A full-length human prothrombin sequence in the GenBank database (Accession 
Number J00307) is used to design probes that can be used to obtain DNAs encoding human 
prothrombin by conventional means by screening a human liver cDNA library or a human 
genomic DNA library and purifying therefrom a full-length prothrombin cDNA using 
methods much the same as those described by MacGillivray et al , Ann. N. Y. Acad. Set. 485 : 
73-79 (1986); Jorgensen et al, Circulation 74(Su PP 2): 1637 (Abstract) (1986); Degen et 
al DNA Cell Biol 9: 487-498 (1990); Degen et al, Biochemistry 22: 2087-2097 (1983); 
and U.S. Patent number 4,476,777 of Holly et al. on Methods for Producing Thrombin, 
each of which is incorporated herein by reference in its entirety, particularly as to the 
foregoing in parts pertinent to obtaining DNAs encoding prothrombin and related 
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polypeptides, especially genomic and cDNAs encoding the full length of human 
prothrombin. Human prothrombin-specific probe sequences are designed usmg the 
GenBank full length human prothrombin sequence and standard software. The probe 
sequences are used to search the dbEST database to identify the most full length human 
prothrombin-encoding cDNA clone in the IMAGE consortium library. The longest clone is 
identified and, if it is not complete, a full length cDNA clone is isolated by murine 
techniques of gene cloning, using as probes primers based on sequence information from 

the databases and/or IMAGE or other cDNA clones or fragments thereof. 

The sequence of the cDNA is verified by re-sequencing. The cDNA then is cloned 

into an expression cassette and an expression vector for propagation and to prepare DNA 

for injection. 

(2) DNA PURHT-ATinN FOR M TBOINIECTION 

A human prothrombin cDNA expression cassette for expression in cows is 
prepared as follows. Linear DNA for injection is severed intact from other parts of the 
vector by restriction enzyme cleavage, and the fragments are resolved from one another by 
agarose gel electrophoresis. The expression cassette-containing fragment is cut from the gel 
and isolated from the gel ping by electroelntion. The solution containing the DNA ,s 
brought to 10 mM magnesium, 20 mM EDTA and 0.1% SDS and extracted w,th 
phenol/chloroform. The DNA then is precipitated from the aqueous layer with 2.5 volumes 
of ethanol in the presence of 0.3 M sodium acetate at -20° C overnight. After 
centrifugation, the pellet is washed with 70% ethanol, dried, and resuspended in stenle 
distilled water. The DNA then is further purified by sucrose gradient centrifugation or by 
other methods using standard procedures. DNA concentrations of purified DNAs are 
determined by agarose gel electrophoresis by staining with ethidium bromide and 
comparing die fluorescent intensity of an aliquot of the DNA with the intensity of standards. 
Samples are adjusted to 10 pg/ml and stored at -20" C prior to microinjection. 
(3) Embryo injection 

Cow embryos are obtained and injected as described above. Injected embryos are 
implanted as described above. 
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(4) Detection Ig ansoenic DNA 

The presence of DNA in cows from injected embryos is detected by PCR, much as 
described above. 

(5) SALIVA 

Saliva samples are obtained from transgenic cows using the methods described 
elsewhere herein. 

(6) ELISA 

To assay the presence and amount of prothrombin in saliva from the transgenic 
cows, saliva samples are diluted 1 :2 in prothrombin dilution buffer (40 mM Tris/ 200 mM 
EDTA/ 200 mM NaCl, P H 7.4), centrifuged at 14,000 rpm in a microcentrifuge for 30 
minutes at 4* C ,and then chilled at 4* C until use. ELISA assays are used to measure the 
amount of prothrombin in samples from transgenic animal, One ELISA uses a monoclonal 
antibody, 7D7B10, that specifically recognizes the amino terminal region of prothrombin. 
The other ELISA uses a polyclonal anti-human Prothrombin antiserum. Except for the 
difference in the recognition reagent, the ELIS As are essentially the same and are carried 
out using the procedure detailed below. 

Microliter plate wells are coated overnight a. 4' C with 3 pg/ml of the monoclonal 
antibody in 50 ul of 0.1 M sodium bicarbonate buffer, pH 8.3. Afterward the wells are 
washed once with TET buffer (0.01 M Tris P H 7.5; 0.01 M EDTA; 0.02%; Tween-20, pH 
7 45) They then are blocked with 400 ul per well of 1% BSA in PBS for 1 hour at 37°C. 
Thereafter the wells are washed with TET buffer five times. 100 pi of sample or control 
saliva is introduced into the wells. The control saliva is from normal animals and is sptked 
with various amounts of a reference prothrombin preparation to provide a calibratton curve 
for the ELISA results. The saliva samples are incubated in the wells to allow prothrombm 
therein to bind to the immobilized protbrombin-speoific antibodies. The wells then are 
washed five times with TET buffer. Horseradish peroxidase (HRP) conjugated to rabb.t 
anti-prothrombin is diluted 1:1,000 in 0.1% BSA/TET, 100 p. of the diluted HRP conjugate 
is added to each well and incubated for 2 hours at room temperature while shakmg at 100 
rpm. After the incubation, the conjugate-containing solution is removed from the wells. 
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The wells are washed 5 times with TET buffer. Then 100 ul of a stock solution of 
orthophenyldiamine (OPD) is added to each well. (The stock solution is made by 
dissolving one tablet of OPD in 20 ml of 0.1 M citrate-phosphate buffer (pH 5.0).) The 
OPD solution is incubated in the wells for 10 minutes at room temperature and then the 
reaction is stopped by adding 1 N sulfuric acid. The extent of the reaction is determined by 
measuring optical absorption of the acidified OPD solution in each well at 490 nm. 

Fiduciary curves are developed for the ELISA assay for both the monoclonal and 
the polyclonal reagents using a s tandard preparation of human prothrombin. The 
concentration of prothrombin in the saliva samples from which they are derived is 
interpolated from the fiduciary curves. Saliva from normal non-transgenic cows or cows 
transgenic for other proteins obtained and treated the same as saliva from the test animals is 
used for negative controls. 

Results obtained by the two ELISAs are in close agreement. Almost all of the 
animals that are shown by PCR to be transgenic for the human prothrombin provide 
significant levels of prothrombin in their saliva, generally between 0.5 to 5.0 mg/ml. 
(7) SDS-PAGE 

Prothrombin in saliva samples from transgenic cows is analyzed by SDS-PAGE 
and western blotting, as described elsewhere herein. 5ul ofeach sample is diluted to 100 ul 
in SDS-PAGE Tris/glycine reducing cocktail, providing 1 ul of saliva per 20 uls loaded 
onto the gel. A human prothrombin standard (Enzyme Research Laboratories, South 
Bend IN) is run alongside the saliva samples, diluted to 5 ng/ul in reducing cocktail (1 00 
ng/lane). A thrombin standard also is run in the same way. Saliva from non-transgenic 
animals, prepared and diluted identically to the transgenic samples, is run for negative 
controls. Additionally, saliva from cows transgenic for other proteins also is run as negative 
control For quantitative estimates of expression levels, multiple dilutions of both the 
transgenic saliva sample and human reference material of known concentration are run 
alongside one another. Samples are resolved on pre-cast 1.5% polyacrylamide gels (Bio- 
Rad Hercules, C A) and electrophoresed at 200V until the dye front is at or just eluting off 
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the bottom of flte gel. Ge,s are stained to visualize proteins using Coomassie B.ue and/or 
blotted onto membranes for immuno-specific detection of prothrombin as follows. 
(8) Westerns 

The separated proteins are transferred from the gets onto PVDF membranes (Bio- 
Rad) using the Novex X-CeU n™ Bio, module (Invitrogen, Car.sbad, CA) aocord.ng to 
manufacturer's recommendations. Transfers are for .8 to 24 hr. After transfer, membranes 
are blocked in TBST-Casein (25 mM Tris, pH 7.2/ 50 mM NaCl/ 0.05% Tween 20/ 0.5% 
Casein) for 1-3 hours at 37= C. Sheep anti-human prothrombin antibody (ERL) is added to 
the Mocking buffer a, a 1 : 1000 dilution and membranes are allowed to incubate for at leas, 
one additional hour. The primary antibody solution is decanted, the membranes are 
extensively washed in deionized water, and they then are placed in a fresh ahquot of 
blocking buffer. Thereafter, donkey anti-sheep antibody conjugated to horseradtsh 
peroxidase (Sigma, St. Touis, MO, product number 3415) is added a. 1:1000 dilution, and 
the membranes are incubated for 30-75 minutes a, 37= C. Following the incubatton the 
membranes are extensively water washed. Then color is developed using a metal-enhanced 
DAB ki, (Pierce, Rockford, IL). At the end of the color reaction, before further handhng, 
the blots are thoroughly dried on filter paper. To quantify the results, membranes are 
scanned using a Shimadzu CS-9000 dual-wavelength, flying spot densitometer (350nm, 
0.4X 5mm beam size). 

(9) AMIDOLYTIC ACTIVITY 

20 pi of sample or control is mixed with 80 pi of 1 pg/ml snake venom activator*) 
mM Tris HC1, 150 mM NaCl, 0.2% NaAzide, pH 7.4 ("activation buffer"). The mixture ts 
incubated a, 37 °C for one hour. 100 pi of 0.25 mM thrombin chromogenic substrate ts 
then added and the color is allowed to proceed for 1 to 3 hours. Absorbance at 450 nm ts 
determined and the activity of each sample is determined by interpolation using a reference 
curvebasedon human plasma prothrombin diluted in activation buffer. Regardtng 
amidolytic activity assays of this type see, for instance, US paten, No. 5,476,777 ,o Holly e, 
al for Me^/orpr^cmg r* romW n, column 28, linesSSe,^. in particular, whtehts 
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incorporated herein by reference in its entirety in parts percent to .he foregoing description 
of thrombotic amidolytic activity assay. 
(10) GLA CONTENT 

Standard ELISAs are performed to assay prothrombin in saliva from transgenic 
animals. Norma, hnman prothrombin is spiked into norma, sahva at varying concentrations 
and assayed by tire same protocol. Finally, prothrombin withont Gla regions is assayed by 
the ELISA assay. All three types of samples are loaded in 25 mM EDTA onto 
irnmunoaffinity colnmns specific for GLA. Unbound material is washed away and the 
colnmns men are treated with several washes of 25 mM CaCl, Material eluting in each 
wash is collected and assayed by the prothrombin ELISA. GLA-.ess prothrombin remams 
bound to the column in the presence of CaCh. Standard GLA eluates in the presence of 
CaCl, Prothrombin in saliva from transgenic animals behaves like the normal 
prothrombin. The results indicate that the transgenic prothrombin is ,-carboxylated like the 
native molecule. 

(11) Yield 

48 saliva samples from 12 different transgenic cows are analyzed for the presence 
of transgenic prothrombin and<or thrombin (4 samples taken at different times from each 
cow) Prothrombin is detected in all of the samples from 7 cows, in the last 3 of 4 samples 
from one cow, and in only the first 2 of 4 samples from another cow. Overall, 9 or the 12 
cows produce prothrombin in their saliva, at some time points. Of these, 8 appear to 
produce prothrombin continuously in their saliva Prothrombin from all 8 producer cows 
exhibits prothrombin amidolytic activity and gla content substantially the same as human 
prothrombin. 

(12) Breeding 

Cows that are determined to be transgenic by PCR are bred and allowed to 
complete gestation. 
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EXAl^ljai ESQ!" TrT,n N IN OF FjBRINOG^ TN SALIVA OF TRANSGENIC COWS 
Fibrinogen 

The invention herein described is further illustrated by the following specific 
embodiment in which human fibrinogen is produced in saliva of transgenic cows. 

Fibrinogen is a soluble protein of high molecular weight that occurs normally in 
circulating blood and in plasma. It is the major structural protein in blood clots and plays a 
central and essential role in the processes of hemostasis and thrombosis Accordingly, it is 
of considerable medical interest and as a medicament. Fibrinogen, even in its simplest form 
is a fairly complex protein. Physiologically, it is even more complex. It undergoes a variety 
of proteolytic processes in normal physiological processes that give rise to a family of 
processed fibrinogen proteins, polypeptides and "fibrinopeptides." Transgenic expression 
may be aimed at some but not all of these products; but, must be designed with them m 
mind. 

Human fibrinogen is made up of six polypeptides: two each of three different 
chains called the A-alpha, B-beta, and gamma chains. The six polypeptides are arranged in 
fibrinogen as a pair of identical trimers. Each trimer contains one A-alpha, one B-beta and 
one gamma polypeptide. The A-alpha, B-beta and gamma polypeptides in each polypeptide 
are held together by several disulfide bonds. The two trimers are bonded together by three 
additional disulfide bonds, one formed between the two A-alpha chains and two formed 
between the two gamma chains. The protein is soluble in this form and circulates freely m 
the blood. 

Fibrinogen serves as the precursor to fibrin and thus to clot formation. It is 
converted to fibrin by thrombin at sites of injury. Thrombin cleaves fibrinogen near the 
ends of each A-alpha and each B-beta chain, releasing fibrinopeptide As from the ammo 
terminal end of each A-alpha polypeptide and fibrinopeptide B from the amino terminal end 
of each B-beta polypeptide. The resulting protein, referred to as the fibrin monomer, not 
only is considerably less soluble man fibrinogen, but also self-assembles (polymerizes, m a 
manner of speaking) into the insoluble "fibrin matrix" that serves as the principle 
component of clots. Fibrin is cross linked in the matrix by the Faxtor Xffla. Ultimately, all 
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going wdl, the clot is removed by the fibrinolytic system, a process mediated primarily by 
the proteolytic activity of plasmin on fibrin in the cross-linked fibrin matrix. 

While a variety of modified forms of fibrinogen have been developed, and work 
has been carried ont to develop fibrinogen derivatives, fibrinogen produced transgenicly in 
saliva - in whatever form or variety - to be useful for many clinical purposes should have 
.he aforementioned activities important to its use, including, for instance, its biophysrcal 
properties mat affect its circulation in the blood, its interaction with thrombin, and us 
substrate interaction with plasmin and other components of the fibrinolytic system. 

Toward this end, transgenic cows are made that produce fibrinogen in their sahva, 
and the fibrinogen is characterized for comparison with natural human fibrinogen as set out 
below The materials and techniques in the work described in this example are readdy 
available and well known to those skilled in tire pertinent arts. Many of the methods are 
described in U.S. patent number 6,037,457to Susan T. U>rd, Method for recombinant 
fibrinogen production, issued on March 14, 2000 (referred to herein as the '457 patent.), 
which relates to expression of fibrinogen polypeptides and proteins in cultumd cells andrn 
milk of transgenic animals, which is incorporated herein by reference in its enhrety 
particularly in parts pertinent to methods of making fibrinogen expression constructs, 
techniques and processes for isolating and purifying fibrinogen polypeptides and/or 
proteins, and assays and procedures for detecting and measuring characterises and 
activities of fibrinogen polypeptides and/or proteins. 

Except as noted otherwise in the following example, chemicals and other matenals 
are obtained ftom commercial suppliers and are reagent grade or superior quality and pnnty. 

(1) REPRESSION CONSTRUCT 

The expression vector is constructed as described in the foregoing examples, 
particularly Example 1 . Briefly, cloned genes for the normal A-alpha, B-be,a and gamma 
polypeptides of human fibrinogen are obtained much as described in Binnie et al. (1993), 

107*-,. and in the'457 patent. The identify of the DNAs is verified by 
DNA sequencing. DNA containing the genes is prepared from clones and then hgated to 
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DNA containing regulatory sequences for expression in bovine parotid glands, much as 
described elsewhere herein. Three expression cassettes are made, one for salivary gland 
specific expression of each fibrinogen polypeptide. Constructs are made for propagating 
just one of the cassettes, or all three cassettes together. DNA for injection to make 
transgenic cows is prepared from the cassette linearized by restriction and purified by 
agarose gel electrophoresis and electro-elution, and then by other steps as appropriate, as 
described above. DNA from the constructs containing individual cassettes, or from the 
construct containing all three cassettes together is injected as described below. 
(2) DNA FOR INJECTION 

The vectors is digested with restriction enzymes to release the DNA for injection 
from other parts of the construct. The reaction mixtore is subjected to electrophoresis on an 
agarose gel to separate the DNA fragment for injeotion from other fragments. The band 
corresponding to the DNA for injection is cut out and subjected to Agarase treatment. 
Following Agarase treatment the reaction mixture is layere4 onto a NaCl step gradtent (5% 
to 25% in 2.5% intervals) and centrifuged at 25,000 rpm for 6 hrs at 25 °C, as descnbed by 
Chin-Tib, Biotechniques 10(4): 446-450 (April 1991). 0.5 ml fractions are collected from 
each tube following centrifugation. 10 ul of each fraction is subjected to agarose gel 
electrophoresis to identify the fractions that contained the DNA for injection. Fractions 
containing the DNA to be injected are pooled and dialyzed for 45 minutes against ultrapure 
water The DNA then is precipitated from the dialyzed sample with NaC10 4 and 
isopropanol, and collected by centrifugation. The pellet containing the DNA is resuspended 
in injection buffer to a final concentration of 3-5 pg/ml for microinjection. 

(3) EMBRYO injection 

Cow embryos are obtained and injected, and the injected embryos are implanted as 
described in Examples above. 

(4) Detection tr anscenic DNA 

The presence of the injected DNA in cows from injected embryos is detected by 
PCR using primers specific to the injected DNA using methods described in Examples 
above. In brief, tissue is obtained from the cows and assayed for the presence of the 
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injected DNA by PCR as deseribed above. PCR is carried out using primers specific to the 
injected DNA and designed so that only DNA from animals incorporatingcop.es of the 
injected DNA as a transgene yields a PCR product. The PCR reaction products are resolved 
by agarose gel electrophoresis and visualized by ethidium bromide staining and 
fluorescence under UV light. 

(5) BRFF.r>TNG OF TR ANSGEN1C COWS 

Animals that are determined to be transgenic by PCR are bred and offspring are 
assessed for the presence of the vransgenic, its size and its copy number, as set out above. 

(6) I IVAmi LECTION 

Saliva is collected from cows at regular intervals. Saliva collection is by sponge 
or aspiration for small to intermediate volumes. Larger volumes are collected via cannula 
from the duct lumen of one of the cow's parotid glands. Standard surgical procedures and 
equipment are used to implant the cannula. PMSF and other protease inhibitors are added 
,o the saliva immediately upon collection, and the pH, ionic strength and other parameters 
of the solution are adjusted for storage, or for immediate use, as needed. Saliva ,s kept at - 
80 °C for long term storage. 

In some cases, the saliva is clarified before analysis. Typically this is done by 
diluting the saliva 1 :2 in a suitable buffer (for example, 40 mM Tris/ 200 mM EDTA/ 200 
mM NaCl, pH 7.4), and the diluted samples are centrifuged at 14,000 rpm in a 
microcentrifuge for 30 minutes at 4= C. The clarified saliva is removed from pelleted 
material and placed in a clean tube for storage or analysis. 
(7) ELISA 

Saliva is assayed by ELISA to determine the presence in saliva, and, if it is 
present, the concentration, of transgenicly produced fibrinogen. The assays are carried out, 
• much as described above for other proteins, generally in accordance with the ELIS As in the 
■457patent,usingaprimaryantibodyspecificforfibrinogen. Saliva containing relatively 
high concentrations of fibrinogen is subjected to further ELISA to determine concentrates. 
Fibrinogen from the highest producing cows is analyzed further as set out below. 
( 8) gei and West ™* «t ot analysis 
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The molecular weights and distribution of fibrinogen polypeptides and proteins 
ftom transgenic saliva is compared with human plasma-derived fibrinogen by SDS 
polyacrylamide gel electrophoresis and western blotting. Samples are resolved under 
reducing conditions on 6% gels, and under non-reducing conditions on 10% gel, Gels are 
.oaded run and Coomassie Blue stained using standard methods, such as those in Sambrook 
et al. referenced above. Western Blots are carried out much as described in Binme et al. 
(1983), Biochemistry 32: 107 et seg. Polyclonal anti-fibrinogen is obtained from a 
commercial supplier. Monoclonal antibodies specific to the A-alpha, B-beta and gamma 
changes are in accordance with, respectively, Koppert et al. (1985), Blood <£: 503 etset,., 
ValenzuelaeroA (1992),^. J. Pa,ho,.m 86 et sea, and Shiba et al. (1991) Amer. J. 
Physiol. 260. Goat-anti rabbit and goat-anti alkaline phosphatase conjugates are obtamed 
from commercial suppliers. Biota are carried out on 0.45 urn nitrocellulose. 

Under non-reducing conditions both samples resolve into two bands of the same 
MW weight: the slower corresponding in MW to intact fibrinogen, the faster correspondmg 
,o "Low Molecular Weight Fibrinogen," a slightly truncated form of fibrinogen lacking a 
short C-termina. fragment of the A-alpha chains, described in Holm et al (1985) Thron*. 
Res 37: 165 et seq. All of the bands are detected by all of the antibodies. 

Under reducing conditions, the saliva and plasma-derived fibrinogens give me to 
substantially the same results. The preponderant majority of the material in each sample 
resolve into three bands with molecular weights corresponding to the A-alpha, B-beta and 
gamma polypeptide, A few minor bands also appear in both samples. Results are 
substantially the same for the saliva-derived transgenic fibrinogen and the plasma-denved 
human fibrinogen standard. The heterogeneous anti-fibrinogen antibody detects all the 
bands. The A-alpha po.ypeptide-specific antibody detects only the band correspondmg m 
NfWtomeA-alphapolypeptideTheB-bempolypeptide-speoificantibodydeteotsonly^ 

band corresponding in MW to the B-beta polypeptide. The gamma polypeptide specrfic 
antibody detects only the band corresponding in MW to the gamma polypeptide. 

(9) VlFTnOFTP »MS"™ICCOWS 
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About 2,500 oocytes are obtained from heathy female cows. About 2,300 are 
found to be apparently healthy mature oocytes and are fertilized. From these about 1 ,400 
fertilized 1-cell embryos are obtained. Of these, about 1,200 appear to be healthy and are 
injected. Approximately 1,000 of the injected embryos initially survive and 687 progress to 
cleavage. Of these 687 cleavage stage embryos, 140 that appear most likely to be 
undamaged, normal and healthy are transferred into females for gestation. Pregnanes 
result in 21 of the implanted female, and these females give birth to 18 calves. Of these 18 
off spring, 5 are shown to be transgenic for the injected DNA by transgene-specific PCR, 
as described in the foregoing Examples. Copy numbers of the injected DNA in the 
offspring is estimated by Southern analysis as described above. 

(10 ) nj ^ TI min--^^'^ANDPR OT^MlNF-SFPHAROSECOLUMN 

(a) Ammonium Sulfate Precipitation 

Fibrinogen ispurified by the method ofBinnie^a/. (1993), Biochemistry 32: 107 

et seq. much as modified in the '457 patent. 

Frozen saliva, if used, is placed in a 37°C water bath until just before it is 

completely thawed and then it is immediately placed on ice and is maintained at 4 °C until 

use. All steps in the purification are carried out at 4 °C. In addition, all buffers contained a 

mixture of protease inhibitors 

Fibrinogen is precipitated tarn saliva by ammonium sulfate precipitation as 

follows. Saliva is adjusted to 50 mM Tris-HCl pH 7.6, 100 mM NaCl, 200 mM. e-ACA, 80 
mM EDTA, 400 U aprotinin/ml, 40 muM pepstatin, 40 muM leupeptin. 200 mM 
benzamidine. Saturated ammonium sulfate is slow.y stirred into the buffered saliva to a 
final concentration of about 40% saturation, and then stirred overnight. The precpnate .s 
collected by centrifugation (16,000 X g, 30 min), and then washed several rimes m fresh 
ammonium sulfate. After the final wash the precipitate is collected, drained of supernatant, 
and dissolved in 50 mM Tris-HCl pH 7.3, 150 mM NaCl, 5 mM e-ACA, 2 mM EDTA, 10 
U/ml aprotinin, 1 uM pepstatin, 1 uM leupeptin, 100 uM PMSF, 5 mM benzamidine. The 
solution, is clarified of residual insoluble material by centrifugation, and the superjacent, 
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containing the par.ia.ly purified fibrinogen, is transferred to a fresh container for storage 

until further use. 

(b) Protamine-SEPHAROSE Chromatography 

Fibrinogen is further purified by protamine-SEPHAROSE.RTM chromatography 
in accordance with Dempfle e, al (1987), Thromb. Res. 46: 19 etsea. After loading and 
washing the column as described in Dempfle m al. fibrinogen is elu.e4 from the column, 
and the fibrinogen-containing eluate is neutralised, dialled, and stored at -80 °C m buffer 
containing strong protease inhibitors. 

Pt rpiFTPATTON BY PjRECDMJATION AMD IMMTINO AFFINITY COLUMN 

(a) Ammonium Sulfate Precipitation 

Fibrinogen is precipitated from saliva of transgenic cows as set forth, with the 
followingmodification, Saliva initially is adjusted to 20 mM MES pH 5.6, 100 mM NaCl, 
200 mM e-ACA, 80 mM EDTA, 10 ul/ml soybean trypsin inhibitor, 40 muM pepstatm, 40 
muM leupeptin, 200 mM benzidine, and 10 uVml soybean trypsin inhibitor is used m all 
the other buffers instead of aprotinin. 

(b) Immunoaffinity Chromatography 

Following resuspension as described in the foregoing example, ammonium sulfate 
precipitates are further purified by immunoaffinity chromatography on a column of 
SEPHAROSE 4B RTM - coupled to a monoclonal antibody specific for human fibnnogen, 
much as described by Takebeeru;. (1995), Thromb Haemost 73: 662*^. The antibody 
preparation for the column is prepared by standard monoclonal antibody methods, and ,s 
coupled to CNBr-activated SEPHAROSE 4B RTM in accordance with the supphers 
instructions. The column is washed thoroughly and equilibrated in 20 mM Tris-HCl pH 
7 4 0 3M NaCl, 1 mM CaCfe. Prior to loading, fibrinogen samples are diluted to 
approximately 0.5 mg/ml in 20 mM Tris-HCl pH 7.4, 0.3M NaCl, 1 mM CaCk, 5 mM e- 
ACA 1 uM pepstatin.1 uM leupeptin,100 uM PMSF, 5 mM benzamidine, and 10 U/ml 
soybean trypsin inhibitor. Columns are washed with 20 mM Tris-HCl pH 7.4, 0.3M NaCl, 
1 mM CaCh and then with 50 mM sodium acetate, pH 6.0, 0.3M NaCl, 1 mM CaCl. 
Fractions containing the fibrinogen eluate are clarified by cemrifugation and then dtalyzed 
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against 20 mM HEPES pH 7.4, 0.15M NaCl, 1 mM CaCk a. 4 • C. The dialysate is 
clarified by centrifugation and the clarified solution containing immunoaffintty-punfied 
fibrinogen is aliquoted and stored at -70 ° C. 

(12 ) Pi relFIFn HBRlN r.nR N - r.F.L AND WFSTF.RN ANALYSIS 

The molecular weights and distribution of fibrinogen polypeptides and proteins 
from transgenic saliva are compared with human plasma-derived fibrinogen by SDS 
polyacrylamide gel electrophoresis and western blotting. Under non-reducing condihons 
both samples resolve into two bands of the same MW weight: the slower corresponds m 
MW to intact fibrinogen, fine faster corresponding to "Low Molecular Weigh. Fibrinogen," a 
slightly truncated form of fibrinogen lacking a short C-termina. fragment of the A-alpha 
chains, as described in Holm e, al. (1985) Thromb. Res. 37: 165 etse q . Under reducng 
conditions, the saliva and plasma-derived fibrinogens give rise to substantially the same 
results The preponderant majority of the material in each sample resolve into three bands 
with molecular weights corresponding to the A-alpha, B-beta and gamma polypeptides. A 
few minor bands also appear in both samples. Western blots of bom reducing and non- 
reducing gels are probed with fibrinogen, A-alpha, B-alpha and gamma-speeific annbod.es, 
using die methods described above. Results are substantially the same for the saliva- 
derived transgenic fibrinogen and the plasma-derived human fibrinogen standard. The A- 
alpha B-beta and gamma-specific antibodies each reacts with a single predominant band m 
reducing gels, corresponding to molecular weight to the expected antigen. All three bands 
are visualized by a heterogeneous anti-fibrinogen IgG antibody mixture. A number of 
minor bands also are seen with all of the antibodies. All of the antibodies visuahzes the 
same two bands in non-reducing bands seen to the stained gels. 

(13) THBOMBIN-AC nvATCn POLYMERIZATION 

The ability of fibrinogen to polymerize, and thus to form clots, is measured by 
change to turbidity of a fibrinogen-contatotog sample over a time course initiated by addmg 
taombin. The polymerization of samples containing fibrinogen made in sahva of 
transgenic cows is compared with the polymerization of human plasma-derived fibnnogen. 
Reactions are carried out to toe same way as toe fibrin release assays desenbed above, 
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except that the buffer contains 0.1 mM CaCU instead of 2 mM. Reactions are carried out at 
25 °C Turbidity is measured at 350 nm in a thermostated cuvette and recorded ustng a 
UV-Viz spectrophotomer equipped with a data capture module and chart recorder. Prior to 
assay, samples are adjusted to 20 mM HEPES P H 7.4, 0.15M Nad, 5 mM s-ACA, 0.1 mM 
CaCl 2 by dialysis, and fibrinogen concentrations are adjusted to 0.1 mgtal. 10 ul of 
Thrombin (1 U/ml) is added to 90 u. of the fibrinogen sample in a cuvette. Turbidity is 
measured continuously from just before addition of thrombin until the end of the 
incubation. The results obtained with fibrinogen produced in transgenic saliva are 
substantially the same as those obtained with human plasma-derived fibrinogen. 

(14) TupnMBIN ACTIVATION: FIBRINOPFPTID E RELEASE 

The ability of the transgenic fibrinogen to serve as a substrate for thrombin 
activation is assessed by fibrinopeptide release assays. Thrombin-fibrinopeptide release 
assays are carried out in accordance with Ng et at. (1993), Methods EmymoX. 222: 341 et 
set, , and Haverlcate et A (1986), Thromb. Haemostasis 55: 131 et seq. each of which ,s 
incorporated herein by reference in its entirety particularly in parts pertinent to pept.de 
release assays in this regard. Samples are incubated with thrombin, and fibrinopepttdes 
released by thrombin activation, FpA and FpB in particular, are resolved by reverse phase 
HPLC and quantified, as follows. Protease inhibitors are removed from the samples pnor to 
analysis by dialysis against 50 mM Tris-HCl pH 7.4, 150 mM NaCl three times at 4 -C for 
20 hours usingdialysismbingwimamolecularweight cut off of 12,000-14,000 daltons. 
Concentrations of the purified fibrinogen samples are determined by absorbance at 280 nm 
and 320nm as described by Mihaiyi (1968), Biochemistry 7: 208 et sea. Samples are dtluted 
in 2 ml at room temperature. At zero time, human thrombin is added to a final 
concentration of 0.043 U/ml, the reactions are gently vortexed, and rapidly aliquoted into 
individual tubes for time points. Reactions were stopped in a water bath at just under 
boiling temperature for at least 8 minutes. Prior to HPLC samples were cleared by 
centrifugation. Storage was at - 20 °C. Peptides in each aliquot are separated and 
quantified by reverse phase HPLC. FpA and FpB are similarly the preponderant peptide 
product detected in the aliquots from both transgenic salivary fibrinogen and the human 
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plasma protein. The kinetics of FpA and FbB release in the samples is substantially the 
same in the samples from transgenic saliva and human plasma, and is within the range 
expected for normal human plasma-derived fibrinogen. 

(15) Fibrin poly mfkization 

(a) Monomers 

Fibrin monomers are prepared from transgenic saliva-derived fibrinogen 
essentially as described by Belitser e, al. (1968), Biochim. et Biophys Acta 154: 367 e, 
Purified fibrinogen is dialyzed against 20 mM HEPES pH 7.4, 0.15M NaCl, 5 mM e-ACA 
overnight at 4 °C, and then diluted to 0.3mg/ml in the same buffer. The solution is placed 
on ice. Thrombin is diluted in the same buffer to 1. 1 U/ml and immediately thereafter 
added to the fibrinogen solution in 1:10 v/v ratio to initiate proteolysis and fibrm 
generation. The mixture is gently and briefly vortexed and then incubated 3 hours at 37 °C. 
Polymerized fibrin is spooled from the reaction on a glass rod and then washed 10 tunes m 
0 15M NaCl, 5 minutes for each wash, to remove proteolysis buffer completely. 
Monomers are recovered by dissolving the washed fibrin in ice-cold, 0.125% acetic acid. 
The monomers are re-polymerized by diluting them 10-fold in 20 mM HEPES pH 7.4, 
0.15M NaCl, 5 mM e-ACA and then incubating them for 3 hours at room temperature for 3 
hours as above. The clotting and monomerization procedures are repeated twice more. The 
final monomer solution is clarified by cenrrifugation and then allowed to stand for several 
days at 4 °C to allow residual fibrin polymers to dissociate. Fibrin monomers are stored at 
4 °C for up to a month. 

(b) Polymerization 

The polymerization of fibrin monomers from fibrinogen produced in transgenic 
saliva is compared to the polymerization of monomers from human serum fibrinogen. 
Polymerization is measured by turbidity, taken as absorption* 350 nm. Equipment and 
conditions are the same as those for the thrombin activation turbidity measurements 
describedabovcexceptthatthebuffercontainsO.l mMCaCh. Polymerization is initiated 
by diluting the monomers into reaction buffer. The relative volumes and concentrations are 
set up so that monomer concentration in the reaction is sufficient and the buffer maintains 
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neutral pH throughout the reaction after addition of the 0.125% acetic acid solution 
containing the monomers. Results for the different samples are compared to one another for 
two quantitative parameters: (1) the lag time before measurable turbidity is produced, 
which is a measure of the rate of proto-fibril formation, and (2) the maximum slope, which 
indicates the maximum rate of the reactions. Data for the monomers from the transgenic 
fibrinogen are substantially similar to the data from human-serum derived fibrinogen in 
both respects; although the lag period for the transgenic monomers was slightly longer and 
the maximum slope was about 1.3 times as steep, on average. 

(16) P.ROSS-IJNKJ NG BY XIIIa 

The ability of Factor XIIIa to cross link fibrin clots formed by fibrinogen produced 
in transgenic cow saliva is compared to that of human plasma fibrinogen, to determine the 
bio-activity of the transgenic clots in this regard, relative to the bio-activity of clots formed 
by human plasma fibrinogen. The kinetics of cross-linking are measured for each sample. 
Cross-Unking clotting reactions are carried out by polymerizing fibrinogen samples at 0.4 
mg/ml with Factor XIIIa at 1.0 U/ml. Control reactions are carried out the same way, but 
without Faxtor XIIIa. Reactions are initiated by adding human thrombin to a final 
concentration of 1 U/ml. All reactions are carried out at room temperature, in 20 mM 
HEPES pH 7.4, 150 mM NaCl, 5 mM. e-ACA, 1 mM CaCl 2 . SDS and p-mercaptoethanol 
were added to a final concentration of 1% and 2%, respectively, to stop reactions at each 
time point. Cross-linking is assessed by molecular weights of products, determined by 
electrophoresis under reducing conditions on 10% SDS polyacrylamide gel. Particularly, 
cross-linking is assessed by formation of gamma chain dimers and, at later time points, loss 
of gamma chain monomers (as described in Lorand, Ann. N. Y. Acad. Sci. 202(6) (1972). 
The results of these cross-linking assays show that transgenic saliva-derived fibrinogen has 
substantially the same cross-linking kinetics as fibrinogen from human plasma, except that 
the plasma samples show a small amount of dimerization even in the absence of Factor 
Xffla, (due to residual plasma Factor XIIIa), and slight molecular weight heterogeneity not 
seen in the saliva samples (due to naturally occurring gamma chain variations that do not 
occur in the transgenic fibrinogen). 
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(17) Germ line t ransmission 

Transgenic cows that produce high levels of the transgenic product in their saliva 
are interbred. The offspring are evaluated for transmission of the transgenic DNA and for 
expression of the transgene product saliva, as described above. Of 4 cows that produce Ingh 
levels of the transgenic product in saliva, 2 transmit the transgene to offspring. 
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The following claims are illustrative of the subject matter of the invention sought 
to be patented: 

1 . A transgenic non-human mammal in accordance with any of the disclosure 
and claims herein. 

2. A transgenic non-human mammal in accordance with any of the disclosure 
and claims herein, wherein the mammal produces in its saliva one or more transgenic 
polypeptides and/or proteins and/or other substances; 

the same wherein the mammal produces large volumes of saliva, 
the same wherein the mammal is a rrionogastric ruminant mammal 
the same wherein the mammal is a murine (mouse or rat), porcine, ovine, caprine, 
bovine or equine mammal. 

the same wherein the mammal is an ovine, caprine or bovine mammal, 
the same wherein the mammal is a bovine mammal, 
the same wherein the mammal is a cow. 

3 . A transgenic non-human mammal in accordance with the any of the 
disclosure and claims herein, wherein the mammal produces one or more transgenic 
polypeptides in the saliva; 

the same wherein one or more transgenic polypeptides and/or proteins are 
produced in the saliva in active and/or proactive form. 

the same wherein one or more transgenic polypeptides and/or proteins are 
produced in the saliva in active form. 

the same wherein one or more transgenic polypeptides and/or proteins are 
produced in the saliva in proactive form. 

the same wherein one or more transgenic polypeptides and/or proteins and/or other 
substances produced in the saliva is one or more of a phytase, an antibody, a growth 
hormone or a blood protein. 
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the same wherein the one or more transgenic polypeptides and/or proteins and/or 
other substances produced in the saliva is one or more of serum albumin, fibrinogen, 
prothrombin, thrombin and von Willebrand Factor ("vWF"). 

the same wherein the one or more transgenic polypeptides and/or proteins and/or 
other substances produced in the saliva is one or more of human serum albumin, human 
fibrinogen, human prothrombin, human thrombin and human vWF. 

the same wherein the one or more transgenic polypeptides and/or proteins and/or 
other substances produced in the saliva is one or more of human fibrinogen, human 
prothrombin or human thrombin. 

the same wherein one or more biological activities of the transgenic polypeptide 
and/or protein has a specific activity relative to that of the naturally occurring polypeptide 
and/or protein in one or more of the ranges recited in the disclosure herein above in this 



the same wherein one or more biological activities of the transgenic polypeptide 
and/or protein, when activated from proactive form to active form, has a specific activity 
relative to that of the naturally occurring polypeptide and/or protein in one or more of the 
ranges recited in the disclosure herein above in this regard. 

4. A transgenic non-human mammal according to any of the disclosure and 
claims herein, particularly wherein the production in the saliva of one or more transgenic 
polypeptides and/or proteins and/or other substances is engendered by the expression of one 
or more transgenes specifically in salivary gland cells. 

the same wherein the salivary gland cells are parotid gland cells. 

5 A transgenic non-human mammal according to any of the disclosure and 
claims herein, particularly having a cannula effective for collecting saliva inserted in the 
duct of one or more of its parotid glands or other dominant saliva-producing gland. 

the same wherein the cannula is inserted in the duct of one but not the other of a 
pair of parotid glands or pair of other dominant saliva-producing glands. 



regard. 
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6. A method for making a polypeptide and/or protein, wherein the 
polypeptide and/or protein is produced in saliva of a transgenic non-human mammal 
according to any of the disclosure and claims herein. 

7. A method for making a polypeptide and/or protein, wherein the 
polypeptide and/or protein is produced in saliva of a transgenic non-human mammal 
according to any of the disclosure and claims herein. 

8. A method for making a composition comprising a polypeptide and/or 
protein, wherein the composition is derived from saliva of a non-human mammal according 
to any of the disclosure and claims herein. 

9. A transgenic polypeptide and/or protein isolated and/or purified from 
saliva of a transgenic non-human mammal according to any of the disclosure and claims 
herein. 

10. A transgenic polypeptide and/or protein isolated and/or purified from a 
composition derived from a transgenic non-human mammal according to any of the 
disclosure and claims herein. 

11. A composition comprising a polypeptide and/or protein according to any of 
the disclosure and claims herein. 

12. A method for treating a disease or disorder comprising administering a 
polypeptide and/or protein and/or composition according to any of the disclosure and claims 
herein. 
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